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INTRODUCTION 


Soon after commencing the study of Haplobothrium globuli- 
| forme Cooper (1914 a and b) the writer saw that, apart from the 
early and somewhat brief reports and descriptions by Leidy and the 
later, but yet pioneer work of Linton on both marine and fresh- 
Water species, very little had been done on the members of the or- 
der in America. Consequently the desire for an opportunity to 
| work up other species which had in the meantime been collected at 
the Canadian Lake Biological Station on GeorgianBay, located at 
Go-Home-Bay, Muskoka District, Ontario, and at the Marine Biologi- 
cal Station at St. Andrews, New Brunswick, grew with the feeling 
that something of a comprehensive nature ought to be undertaken in 
order not only to ascertain to what extent European species are to 
be found in this continent but also to properly locate in the 
Classification at least some of the new forms formerly described 
especially by Linton. Altho the material then at hand was inves- 
tigated to a certain extent at the University of Toronto, it was 
not until the writer came to the University of Illinois that it was 
| studied at all thoroughly with the aid of other material from the 
collection of the University of Illinois, under the care of 


Professor Henry B. Ward, for comparison. 


Supplementary material, which in many cases was all that 


wags available, was obtained by Dr. Ward from the United States 


_ National Museum and the Bureau of Animal Industry, but apart from 
afew vials no European specimens could be procured owing to the 


- present international conflict. On account of the lack of the 


latter most of the determinations have been made with the aid of 
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the literature only, a fact which the writer feels may necessitate 
future changes in connnection with a few species which have been 
more or less tentatively regarded to be the same as those in Europe. 
In all cases, however, the specific details of the American forms 
have been emphasized so that if changes have to be made later, the 
bSsis for such will be at hand. The writer ae ae out in 
this connection the comparative lack from a systematic standpoint 
of adequate descriptions of many of the European species which 
have been known for many years. It was this fact which in the 
absence of the original material for comparison made the present 
work one attended with not a little difficulty. 
‘In the main the classification of the order adopted by the 
writer is that proposed by Luehe in 1902 in his "Revision meines 
| Bothriocephalidensystemes" and later (1910) retained in "Die Siss- 
wasserfauna Deutschlands" with only a few modifications. The 
family of the Caryophyllaeidae is, however, not included, so that 
the order is considered to be rather that of Carus (1863), with, 
Of course, Luehe's later conceptions of the other families. One 
of the latter has now again got to be modified considerably owing 
to the present study of two quite aberrant species, viz., Haplobo- 
thrium globuliforme Cooper and Marsipometra hastata (Linton) which 
have been found by the writer to be very disturbing to the classi- 
fication, the former, in fact, possessing a scalex which bears 
strong resemblance to that of the order Trypanorhyncha. 
The writer wishes to here tender his thanks in the first 


Place to the Biological Board of Canada for placing means and 


facilities at his disposal in connection with his earlier collect- 


ing at the above mentioned Canadian Biological Stations; to the 
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University of Illinois for the opportunity of collecting further 
material at the Maine Biological Laboratory at Woods Hole, Massa- 
chusetts, and at the Harpswell Laboratory, South Harpswell, Maine, 
during the summer of 1916, and to the staffs of these institutions 
as well as to that of the Maine Laboratory of the United States 
Bureau of Fisheries at Woods Hole for assistance and direction in 
connection with the same; to the Smithsonian Institute and the 
Bureau of Animal Industry, from whom valuable material was obtained 


fer Comparison, in the latter case thru the kind offices of 


“tf 
Dr. C. W. Siles of the Hygienic Laboratory, Washington; and to the 


fOllowing investigators for alcoholic specimens: Professor 0. 
Fuhrman, University of Netchatel, Professor Edwin Linton, Washing- 
tion and Jefferson College, Professor E. M. Walker, University of 
meronsbo, Dr. H. J. Van Cleave, University of Illinois, Mr. H. R. 
mere and Mr. R. P. Wodehouse. 

Finally to Professor H. B. Ward the writer wishes to ex- 
press his sincere indebtedness not only for the use of his exten- 
Sive private library and collections and for his procuring rare 
Daoks and specimens, but for his constant and stimulative interest 
in and valuable criticism of the work which has resulted in the 


following paper. 
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HISTORICAL DATA 


Apart from Gmwelin's (1790) collecting together the data: 
given by the older writers such as Linnaeus, Pallas, Mueller, 
Goeze, Bloch, Fabricius, Batsch, Schrank, and Abildgaard and 


Zeder's (1880 and 1803) treatises, the first most imoortant work 


| on the bothriocephalid cestodes was the "Entozoorum Historia 


Naturalis" by Rudolphi (1808-1810). In this he reviewed the 
Carlier literature, making valuable comments on the same, and 
described species of Ligula, Triaenophorus and Bothri eaepha lua: 

tne latter name being used for the first time. While Lamarck 
(1816) dealt with only the more common species, Rudolphi in his 
second work of major importance, the "Entozoorum Synopsis" (1819), 
made some corrections of his earlier publication and further con- 
tributions in the way of a few new species. Leuckart (1819), who 
did not receive Rudolphi'ts "Entozoorum" until after his work was 

in print, dealt only with species of the genus Bothriocephalus as 
conceived by Rudolphi, which then contained members not only of the 
Pseudophyllidea but also of the Tetraphyllidea and the Trypanorhyn- 
cha. Nitzsch (1824) briefly defined the species of the same genus, 
while later in the same publication Creplin (1839) dealt with them 
more in detail and erected the new genus Schistocephalus. Drummond 
(1838) was one of the first to report bothriocephalids from the 
British Isles, while Bellingham (1844) and Thompson (1844) made 


further contributions, all three dealing with forms from Ireland. 


| Eschricht (1841) published some of the earliest data on the internal 


anatomy of the group, and Koelliker (1843) made a study of the 


development of the eggs of a few species. The next and perhaps 
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most important work was that by Dujardin (1845) who, while follow- 
ing Rudolphi in the main, made many valuable additions from origin- 
al observations. Van Beneden (1849 and 1850) first essayed to 
erect a more comprehensive classification than had hitherto been 
used, and Diesing (1850) went much farther in his Subtribe I, 
Gymnebothria, of Tribe IV, Bothriocephalidea, of Suborder I, 
Aprocta, of Order IV Cephalocotylea. Baird (1853) reverted to 
Rudolphi's brief system in listing forms from the British Museum. 
Wagener in two papers (1854 and 1857) gave studies on the develop- 
ment which even today are models of careful work and excellent 
illustrating. Leidy (1855 and 1856) was the first to report forms 
from America, while Weiniand (1858) in his "Essay" made a few 
references to bothriocephalids. Then,until Diesing (1863) revised 
his classification nothing of systematic importance was published. 
Olsson (1867) was one of the first to report species from the 
Scandinavian countries; later (1876 and 1893) he made further con- 
tributions from the same source. After Willemoes-suhm's (1869) 
studies on the development of Sch. dimorphus, came Duchamp's (1876) 
and Donnadiew's (1877) classical experiments on the life-histories 
of the Ligttes. In his Compendium Lingtow (1878) brought together 


in @ list the forms known up to that time. A few years later 


Fraipont (1880, 1881) published studies on the excretory system of 


&@ number of species which even to-day are perhaps the most impor- 
tant contributions in that direction. The nerv ous system was made 
the object of special inquiry by Lang (1881), while later it was 
dealt with more at length by Niemiec (1888) and Cohn (1898). After 
@ period in which such works as Moniez's (1881) "Memoire", 


Zschokke's (1884) researches, and Schaumsland's (1885) studies of 
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the embryonal development are prominent, we arrive at the second 
reports of species from America, namely, those contained in 
Linton's (1889) first paper. This was followed by a second (1890), 
containing extensions of the first, and much later by others 

(1891, 1897, 1901 and 1901la) dealing with a variety of forms from 
marine and fresh-water fishes. Further anatomical studies by 
Loennberg (1891), Kraemer (1892), Matz (1892) and Zernecke (1895) 
lead us on to Monticelli's (1893) classification, which was the 
most important since the time of Diesing, altho Perrier (1878) had 
in the meantime published his ideas along that line. The next in 
order is Ariola(s (1896) division of the family "Bothriocephalidae", 
in which incidentally were yet to be found errors regarding the 
position of the bothria. Beginning with 1894 and con chimes 
1900 there was in progress the publication of Braun's "Cestodes" 

in Bronn's "Thierreich", which is by far the most important work on 
the group since it brings together in a comprehensive manner the 
substance of the most important of the earlier works on the morpho- 
logy as well as the system of the group. One of the first papers 
by the late Dr. Luehe, who was the leading authority on the group 
was that (1896) in which he dealt with the nervious system of 
Ligula. Further study led him to publish a few years later (1899) 
his first classification, which was adopted by Braun (1894-1900). 
In the meantime Loennberg (1897) made important contributions to 
the knowledge of the phylogeny of the parasitic flatworms; while 
Gamble (1896) in the "Cambridge Natural History" and Perrier (1897) 
had erected systems of classification which, however, do not have 


nearly as much in their favor for general acceptance as does that 
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by Luehe. In 1900 Ariola brought out his revision of the family 
of the Bothriocephalidae, which, however, was shown by Luehe 
(Ariola, 1901) to be rather of the nature of a compilation, in- 
volving at the same time several omissions, than a distinct advance 


in our knowledge. Then in 1901 there appeared in Lankester's 


) "Treatise on Zoology" Benham's classification of Cestodes which 


professedly follows the earlier works of Railiiet and Blanchard. 
Luehe's (1902a) revision of the bothriocephalid system comes next 
in order. It is this newer system, only slightly modified in 
1910, that is accepted by the writer with several necessary modifi- 
cations which are dealt with below. 

From 1902 until "Die Susswasserfauna Deutschlands" was 
published the literature on the group consists mostly of papers on 
individual species or mere listings. Spengel's (1905) paper on 
"Die Monozootie der Cestoden" ought, however, to be mentioned, 
Since it is one of the latest discussions of a question which occu- 
pied a good deal of the attention of many of the older writers. 
Finally Ward (1910) and the writer (1914 a and b) made the latest 
additions to the American literature, while Stiles and Hassall 
(1912) won the gratitude of the younger workers at least by their 
publication of the section of the "Index-Catalogue of Medical and 
Veterinary Zoology" on "Subjects: Cestoda and Cestodaria" which 


the writer has found of inestimable value in the pursuit of his 


studies. 
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EXPLANATION OF TERMS 


Owing to not a little confusion which exists in the 
earliest literature regarding the terms of orientation used for 
the cestode body, the writer wishes to here explain those that 
Will be employed in the specific descriptions below. Even much 
later than the time of Diesing (1850) the word "lateral" referred 
to the flat surface of the strobila, while "marginal was and is 
even yet perfectly clear; but from the standpoint of bilater al 
symmetry both words may mean the same thing. Here they are con- 
sidered to be synonymous and are used to refer to any part that 
is situated in, at or towards the edges of the strobila. On the 
Other hand, the work "surficial" is introduced from geology to 
take the place of the German word "flachenstandig" which is used 
freely in Luehe's papers to mean that the structures in question 
are situated on the broad, flat surfaces of the chain, that is, 
its dorsoventral faces. The end bearing the scalex is called the 
anterior end and the opposite the posterior, as is customary, 


despite controversies regarding which is which. For the sake of 


brevity the words, "length", "depth" and "breadth" (or "width") 


are used instead of the longer terms, diameters in the longitu- 
dinal, in the dorsoventral and in the transverse directions, re- 
spectively, excepting where the organ in question, e.g., the trans- 
versely elongated cirrus-sac of the Triaenophorinae is so shaped 
that it would be confusing to speak of its obvious length as its 


width. Otherwise the usual terms of orientiation are employed. 
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Order PSEUDOPHYLLIDEA Carus 1863, nec Luehe 1910, e.p. 


Polyzootic, Cestodes with mostly unarmed, seldom armed, 
sc@lew without rostellum, or proboscis formation, excepting in the 
Haplobothtiinae where the primary scalex is provided with four 
protusible proboscides resembling those of the Trypanorhyncha; 
usually with two weakly developed sucking grooves, which in indi- 
vidual cases are modified by the strong development of their walls 
or by more or less extensive fusion of their edges, sothat they 


may appear funnel-shaped or tubular, which may also unite with 


each other more or less completely to form an unpaired terminal 


adhesive organ, become rudimentary or entirely absent, in which 
latter case they are likewise replaced by a termainal functional 
organ of attachment. Furthermore the development of a pseudo- 
segalex takes place occasionally. Head stalk absent. External 
segmentation more or less pronounced, only seldom completely ab- 
sent. Genitalia in each segment usually single, seldom double. 
Their development proceeds from ahead backwards and does not con- 
tinue to a degeneration of the reproductive glands, but the major- 
ity of the proglottides, being at the same stage of development, 
bring their sexual products to maturity at the same time, so that 
in all of them new eges are formed continuously and 
of the whole animal are at the same stage of embryonic development. 
A surficial opening of the uterus is always present. 

Testes numerous, vas deferens strongly coiled without a 


true seminal vesicle. Ovary near the posterior end of the pro- 


glottis, mostly median in the case of single genitalia, seldom 


approaching the margin of the strobila bearing the genital opening 
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(that of the cirrus and vagina). Vitelline follicles very 


numerous, mostly in the cortical, seldom in the medullary paren- 


chyna. Uterus, a more or less winding canal, the individual coils 


of which converge somewhat towards the centre of the proglottis 


to form the so-called rosette; but in other forms it enlarges to 


&@ capacious cavity, the uterus sac, from which the duct-like be- 


ginning of the uterus is sharply separated. Eggs operculate or 
non-operculate, developing mostly only after being laid, but in 
other cases within the uterus. 


The above diagnosis of the order is that of Luehe (1910: 


11-12) minus the family Caryophyllaeidae and partly emended to 
t 
accommodate the subfamily Haplobothiinae in which what the writer 


considers (vide infra) to be the true (or primary) scolex is de- 


prived of bothria but provided with four eversible proboscides quite 


comparable in structure to those of the order Trypanorhyncha. As 
to the phylogenetic significance of these organs which are quite 


unique for bothriocephalids, the writer is not yet in a position 


to make any definite statements, since the earliest stages in their 


development have not been observed. It is evident that we can not 


now consider what was formerly (Cooper, 1914 a and 1914 b) called 


the scalex of Haplobothrium to be a true scalex but only the fore- 


most segment of the adult or secondary strobila, which was indeed 


foreshadowed by the writer by his emphasis of its resemblance in- 


ternally as well as externally to the segments immediately following 
Whether or not a pair of bothria were originally present or are 


present in the very earliest stages, whether such bothria have be- 


come modified into the proboscides, or whether the latter have 
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developed from four separate "accessory suckers" (vide infra, 

Pp. ), as believed by Pintner (1880) to be the case in the 
Trypanorhyncha, must remain mere suggestions for the present. Fur- 
thermore, as to the formation of segments we have in Haplobothrium 
not only conditions quite similar to those in Bothriocephalus 
S.str. and other genera in which there is no neck but segmentation 
begins immediately behind the scalex, but those reminding us of the 
proliferation of sca@lices in echinococcus. In the former case we 
shall see below where the process is described more in detail 

(p. ), that a primary segment divides up into secondary segments, 
these into tertiary segments, and soon until there may be eventually 
Se Or more genital segments corresponding to one primary segment 
formed immediately behind the scolex. 

strobila divides up into primary segments, these subdivide into 
secondary segments, the definitive joints of the ordinary strobila 
met with, which in turn may subdivided again and evidently inde- 
finitely to form new chains. The chief difference between these 
two wases is one of degree of regularity in the subdividion. 
Whereas in Bothriocephalus the whole enterior region of the worm is 
affected, evidently no division taking place after the rudiments 

of the reproductive organs have become separated from the common 
rudiment, and the subsegments remain attached to one another, in 
Haplobothrium not only do the primary segments separate. as secon- 
dary strobilas, but in the latter only a limited region is in- 
volved in further subdivision. On the other hand there is some- 


what of a resemblance between this manner of subddivision in 


|| Haplobothrium and that of the larval Echinococcifer in that the 
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strobilas are developed from an original "nurse". That is, we 
might look upon the primary strobila of the former as a nurse from 
which are developed segments, comparable to the daughter-cysts of 
an echinococcus, which in turn produce (secondary) scolices and 
eventually strobilas. In other words we might recognize at first 
Sight a sort of alternation of generations in the case of Haplo- 
bothrium. But this comparison is only a superficial one, for 

as will be shown below (under Haplobothriinae) the secondary 
scelex cannot be considered to be a true scalex nor the secondary 
strobila a true strobila; but the primary strobila with its four 
proboscides must be regarded as such. Finally, this peculiar 
method of segmentation reminds one of the asexual budding of some 
of the oligochaete worms, particularly as regards the prolifera- 
tion of subsegments in the anterior region of the first formed 
divisions; but further than this the comparison can scarcely be 


carried. 


Family I. DIPHYLLOBOTHRIIDAE, Luehe 1910, char. emend. 


Polyzootic Pseudophyllidea with unarmed or (seldom) armed 
scalex. Surficial bothia variously developed; they may be modi- 
fied to form sucking tubes, each with an anterior and a posterior 
opening, thru the growth together of their free edges, while an 
unpaired terminal organ of attachment can serve as a funcational 


substitute for the rudimentary bothia or result from the more or 


less complete fusion of both bothia. The whole scalex may be re- 


placed in sexually mature specimens by a pseudoscalex; or it may 


‘be (Haplobothriinae) provided with four protrusible proboscides. 
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Neck present or absent. External segmentation Ellon ti ctiNieuitis seldom 
absent. Genital organs numerous, mostly single in each proglottis, 
seldom double. Cirrus unarmed, excepting in Haplobothrium, with 
cleft cuticula. Opening of cirrus and vagina surficial or 
marginal, in the first case always on the same surface as the 
uterus opening and ahead of this as well as always in the median 
dine.of the genital complex, also in the median line of the pro- 
glottis in the case of single genitalia. Both surfaces of the 
chain of proglottides, apart from the genital openings, similarly 
Shaped. Receptaculum seminis formed by a local enlargement of 
the vagina near its inner end, which as a rule is sharply separated 
from the spermi-duct (terminal portion of the vagina). Uterus, 
@ long more or less winding canal, usually in the form of a 
rosette, arising from almost transversely directed coils crossing 
the median line. It may be locally more or less enlarged, but 
seidom forms an undivided uterus-sac distinct from the uterine 
duct, as in the Ptychobothriidae. Eggs thick shelled, with oper- 
cula, excepting in the Marsipometrinae; their formation is carried 
on continuously in fully-developed proglottides; embryonal develop- 
ment usually after liberation, seldom in the uterus, in which, 
however, one finds all stages side by side. 

Parasites of vertebrates. 


Luehe's (1910: 16-17) diagnosis is here emended to in- 


clude the new subfamilies Haplobothriinae and Marsipometrinae. 


In the former not only is the scalex radically different from that 
of any other member of the family, but the cirrus is armed with 


minute spines and there is a distinct uterus-sac separate from 
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the uterine duct as in the Ptychobothriidae; while in the latter 
there is likewise a uterus-sac and the eggs are not provided with 
Opercula. The scalex of Haplobothrium is discussed above under 
the order and more at length below under the species so that no 
further mention of it is necessary at this point. The cirrus, 
however, would seem to exclude the genus from the family Ptycho- 
bothriidae as well as from the Diphyllobothriidae, since it is 
not "unbestachelt, mit zerklufteter cuticula", but provided with 
minute yet distinct cuticular spines bearing some resemblance to 
those of the Acanthophallidae (= Amphitretidae) as pointed out 
elsewhere by the writer (1914 a: 3). But H. globuliforme is 
otherwise so nearly related to D. latum that it does not seem 


wise to remove it from the family on this account, especially 


Since these spines are so minute and since the evidence points 


to their being probably of little, if any, functional importance. 
regards the uterus, on the other hand, we have something which 
is quite different from that of any of the members of this family 
in that it is distinctly divided into uterine duct and uterus-sac 
as in the Ptychobothriidae. It is true that in the genus 
Scyphocephalus one or two of the coils of the uterine rosette be- 
comes much enlarged when the organ is filled with eggs, while in 
Bothridium, as stated by Luehe (1899 : 49),"Der Uterus bildet 
keine Rosettenform, lasst jedoch Uteringang and Uterus s.str. 
deutlich unterscheiden; letzterer stellt gewissenmassen eine 
zweitheilige Uterushohle dar, indem zwei hinter einander gelegene 
grosse Hohlraume durch einen kurgen und diinnen Canal miteinander 


in Verbindung stehen"; but in neither case is there a single 
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uterus-sac, distinct and separate from the uterine duct or 
| | beginning of the uterus but only a modified rosette formation. 
| Rohoz (1882 : 282) in describing the development of the uterus 
of Bothridivum pithonis said that: "In dieser Weise ist er natur- 
lich nur in jiingeren Gliedern entwickelt, wahrend er dort, wo die 
Befruchtung schon beendet ist, in Folge der immer stirkeren An- 
sammlung von den mit chitinoser Hulle umgebener Eiern immer 
grosser wird und sich schliesslich zu einem die gange Mittelschicht 
ausfullienden Sack ausbreitet." It wovld thus seem to be 
comparable to that of the Ptychobothriidae in that its functional 
sac is developed by a distal enlargement of the original duct, 
which gradually encroaches upon the medulla (vide infra), but 


évidently there is no separation of the organ into two distinct 


| 

| 

| 

| 

| 

| 

| 

| 
parts at any stage as there is in Haplobothrium. And, as 
emphasized elsewhere by the writer (1914a : 2-3), this separation 
is present at all stages in the development of the organ, which 
as a matter of fact proceeds in quite the same manner as that of 


Bothriocephalus. In Marsipometra, on the other hand, even tho 


the sac is formed in the same way, it is never very sharply 

4 separated from the uterine duct, altho such appears to be the case 

N in the adult. Reference to the specific description below will 
elucidate this latter point which seems somewhat paradoxical. 
Finally, as regards the fact that its eggs are not provided with 

PY opercula, Marsipometra stands alone. This character would place 

it at once in the Ptychobothriidae, but it is otherwise so closely 

related to the subfamily Triaenophorinae, that the writer here 


emends the family to accommodate it. Thus we see that these two 
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16 
isolated genera have such a disturbing influence on our conceptions 


of the two families that the latter now seem to be much more closely 


related than was formerly thought to be the case. 


Subfamily 1. Ligulinae, Luehe 1899 


Secalex unarmed, very short, almost triangular, with 
anterior end, more or less drawn out into a point according to the 
state of contraction, passing directly into the chain of pro- 
glottides or the similarly shaped unjointed body; surficial bottria 
small, weakly developed. Neck absent. Formation of proglottides 
complete, confined to the anterior end or (in young animals) 
absent. Posterior end rounded. Nerv.ous system distinguished by 
a large number of plexus forming longitudinal nerves near both 
chief strands. Genital organs in sexually mature individuals com- 
pletely developed close behind the scalex. Genital openings sur- 
Tieiai, ventral, lying behind or near oneanother, near the median 
line. Testes in a simple dorsal layer in the lateral fields of 
the medullary parenchyma, for the most part lateral to the nerve 
strands. Ovary and shell-gland median, the former ventral, the 
datter dorsal. Vitelline follicles in the form of a mantle in 
the lateral fields of the cortical parenchyma. Vas defereness 
enlarged to a muscular bulb before entering the cirrus-sac. Re- 
ceptaculum seminis large, sharply separated from the short and 
narrow spermiduct. 

Sexually mature in the intestines of water birds; present 


as larvae in the body-cavities of teleosts where they grow quite 


large and form the rudiments of the reproductive organs; occasion- 
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ally also observed free in the water which they reach evidently 
by the rupture of the greatly distended bodywall of the interme- 
diate host. 


Type genus: Ligula Blach. 


In the above diagnosis of the subfamily by Luehe (1910: 
17-18) the statement that the testes are "in einfacher dorsaler 
Schicht den Seitenfeldern des markparenchyms grossentheils 
lateralwarts von den Markstrangen" is somewhat confusing, for it 
is strictly correct only when the whole number of testes is taken 
into consideration. In transections of both Ligula and Schisto- 
cephalus the nerve strand was actually found by the writer to be 
more than halfway from the median line to the margin of the medulla, 
but the testes were much more closely crowded in the lateral por- 
tion of the field, hence making their total number there more than 
in the median ficld. But the differences between the two fields 
On each side in this regard were seen in confirmatory frontal 


sections to be much greater in Ligula than in Schistocephalus. 


Genus 1 tLigula Bloch, 1782. 
Taenia (part. ) Auctorum 
Fasciola (part. ) Linnaeus, 1758. 
Fasciola (part.) Linnacus, 1767. 
Ligula Bleck, 1782. 


Fasciola (part.) Goeze, 1782. 


Bothriocephalus (part.) Witzsch, 1824. 


Ligula Creplin, 1839. 
Dikothrium (part.) Donnadieu, 1877. 
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Generic diagnosis: Bothria as well as external segmentation 
completely absent from the larvae, both develop simultaneously with 


the maturation of the sex-organs in the definitive host, and then 


the external segmentation, which does not correspond with the 


'/ internal, is confined to the anterior end. Longitudinal and 


} transverse muscles irregularly interwoven in the anterior end, 


posteriorly separated into an inner transverse and an outer longi- 


tudinal layer. 
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Ligula intestinalis (Linnaeus,1758) 


(Figs. I = 6.) 


Larval stage: 


1713 
1740 
1758 
1767 
1781 
1782 
1782 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1793 
1802 
1803 
1803 
1803 
1803 
1803 


Taenia 


Taenia capitata 


Fasciola intestinalis — 


Fasciola intestinalis 


Taenia cingulum 
Ligula piscium 
Fasciola abdominalis 
Ligula abdominalis 
Ligula a, cobitidis 
Ligula aycyprinorum 
Ligula avjalburni 
Ligula a. bramae 
Ligula a. carassii 
Ligula a, gobionis 
Ligula a, leuscisci 
Ligula a. trincae 
Ligula a. vimbae 
Ligula petromyzontis 
Ligula salvelini 
Ligula simplicissima 
Ligula alburni 
Ligula bramae 

Ligula carassii 
Ligula cobitidis 
Ligula colymbi — 


Geoifroy 
Frisch 
Linnaeus 
Linnaeus 
Pallas 
Bloch 
Goeze 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Schrank 
Schrank 
Rudolphi 
zeder 
zeder 
zeder 
zedaer 


Zeder 


1713 
1740 
1758 
1767 
1781 
1782 
1782 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1793 
1802 
1803 
1803 
1803 
1803 
1803 
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1803 Ligula gobionis zZeder 
1803 cLigula leucisci Zeder 


18035 Ligula tincae Zeder 

1805 Ligula vimbae geder 

1810 Ligula acuminata Rudolphi 3 245 

1810 Ligula cingulum Rudolphi 20=22,351. 
1810 Ligula constringens Rudolphi 22024, 
1810 Ligula contortrix Rudolphi 18-10. 
1819 Ligula simplicissima Rudolphi 134, 

1819 Ligula crispa Rudolphi 134-35, 
1819 Ligula edulis Briganti : 209. 

1859 Ligula simplicissima Creplin : 299. 

1839 Ligula monogramma Creplin $ 296. 

18359 Ligula digramma Creplin. ; 296, 

1853 Ligula simplicissima Baird 4: BS, 

1855 Ligula monogramma Leidy 444, 

1861 Ligula monogramma Beneden 159. 

1891 Ligula catostomi Linton : 66. 

1896 Ligula monogramma Zschokke : 775,774,775. 
1897 Bibothrium ligula Linton 458. 


1899 Ligula abdominalis Luehe §2. 


Adult stage: 


1782 Ligula avium Bloch 
1783 Fasciola intestinalis Goeze 
1790 Ligula intestinalis Gmelin 
1802 Ligula simplicissima Rudolphi 
1805 Ligula colymbi Zeder 
1810 Ligula uniserialis Rudolphi 
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1810 
1810 
1810 
1819 
1819 
1819 


1819: 


1824 


1839 
1839 
1844 
1845 
1845 
1845 
1845 
1845 
1850 
1850 
1853 
1853 
1854 
1854 
1856 
1863 
1863 
1870 
1877 
1881 


Ligula alternans 
Ligula interrupta 
Ligula sparsa 
Ligula uniserialis 
Ligula alternans 
Ligula interrupta 
Ligula sparsa 


Bothriocephalus semi- 
ligula, 


Lizula uniserialis 
Ligula interrupta 
Ligula sparsa 
Ligula uniserialis 
Ligula alternans 
Ligula interrupta 
Ligula sparsa 
Lizula nodosa 
Ligula monogramma 
Ligula digramma 
Ligula interrupta 
Ligula sparsa 
Ligula monogramma 
Ligula digramma 
Ligula reptans 
Ligula monogramma 
Ligula digramma_ 
Ligula_ monogramma 


Dibothrium ligula 


Ligula simplicissima 


Rudolphi 
Rudolpi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 


Nitzsch 


Creplin 


Creplin 


Bellingham 


Dujardin 
Dujardin 
Dujardin 
Dujardin 
Dujardin 
Diesing 
Diesing 
Baird 
Baird 
Diesing 
Diesing 
Leidy 
Diesing 


Diesing 


1810 
1810 
1810 
1819 
1819 
1819 
1819 
1824 


1839 
1859 
1844 
1845 
1845 
1845 
1845 
1845 
1850 
1850 
18535 
18535 
1854 
1854 
18 56 
1865 


18635 
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Ligula simplicissima Kiessling 1882, 
1884 Dibothrium ligula Zschokke L884 =: 26. 


1885 Ligula simplicissima Schauinsland 1885 : 550, 


1888 Ligula simplicissima Niemiec 1888 s: 2. 
1893 Ligula monogramma Blsson : lg9os 2 18. 


1894 Ligula simplicissima Stiles &Hassall 1894:331, 


1895 Ligula monogramma Zernecke 1895 : 93. 


1895 Ligula digramma Zernecke 1898S + 93, 


1896 Ligula simplicissima Z4schokke 1896 :; 775,774,775. 


1898 Ligula digramma Cohn ks98 : 154, 


1898 Ligula uniserialis Luehe 1898 =: 286. 


1898 Ligula uniserialis Muehling 189s =: de. 


1898 Ligula monogramma Stossich 1898 : 118. 


1899 Ligula intestinalis Luehe LESS 2 52. 


3900 Ligula avium Braun L900 = L687. 


2900 Ligula uniserialis Wolffhuegel 1900 : 635. 


1901 Ligula intestinalis Linstow 1901. 


1902 Liguia monogramma Parona 1902 : 7, 


1902 Ligula intestinalis Schneider 1908a: 13. 


1903 Ligula intestinalis Linstow 1905 3 20, 


1910 Ligula intestinalis Luehe EGLO: s--LS. 


Specific diagnosis: With the characters of the genus. Large 


worms from 100 to 1000mm.in length by 5 to 15 in breadth. Anter- 


ior end rounded,protruding,bothria faint. Strobila greatly elon= 


gate,depressed,maximum breadth anterior to the middle,gradually 


tapering to the posterior end. Body crossed by irregular ridges 


and furrows,and wavy at the margins in the adult with 35 to 40 


Deep median groove on each surface 


external segments anteriorly. 
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in the larva,two very shailow parallel grooves near the median 


line on the dorsal surface in the adult. 


Cuticula 5 - 2On in thickness,sub cuticuia 70 -100. Nerve 
strands 50 in daameter,. Eacretory vessels numerous in two lay- 
ers,one close beneath the vitelline glands(cortical) another a- 
mong the main body muscles, 

Genitalia from 0.10 to 0.2Omm.apart. Genital cloaca a nar- 
row transverse slit,0.18-0.20 x 0.02 - 0.03mm. into which open 
separately the cirrus,uterus and vagina,the latter constantly be- 
tween the other two which alternate irregularly from side to,side, 

Testes in single dorsal layer in the medulla,interrupted only 
medially,35 to 40 in transection,115 x 85 x 45p in dimensions. 

Vas deferens up to 30min diameter,loosely coiled above the cirrus 


sac. Seminal vesicle small,close above the latter,65 - 80 x 40 - 


i ide Cirrus-sac somewhat leteral,ovoid,with thin walls,185-200 


x 150-145 x 150-155, Cirrus proper within cirrus-sac,long and 
coiled,Z5, in diameter. 

Vagina 15 to SO, in diameter,receptaculum seminis 75K. 
Spermiduct short,25 x 12u. Ovary 1.5mm. in diameter; wing great 
ly depressed,isthmus prominené and not in the median lime but ale 
ternating irregularly from side to side opposite the cirrus-sac; 
ova in same 15 x 15. Oocapt 18-20in diameter,oviduct 15-20w. 
Viteiline reservoir ellipsoidal in shape,50-60 x 50,in a layer 
close beneath the subcuticula and broken only ventrally. Shelle 
gland composed of much elongated cells with enlarged bodies and 
narrow necks connecting with the oviduct for SOn of its length. 


Uterus a.. mass of coils in the median line,O.5-0,6mm.im diameter, 


that of the tube being 60, 
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Eges, 49-65 x 31-42y . 
Habitat : As larvae in the body-cavities of teleosts; adults 


in the intestines of wading and diving birds. 


Host Locality Coilector Authority 
Leuciscus vulgaris Pallas Diesing 1850:581. 
rutilis Hubner " 
Zschokke Zschokke 18843;26, 
Rossitten Muehling Muehling 1898:33. 


Orlja=See,Pe- Birulja Linstow 1905:285. 
trograd. 


Geze-bartlank, Maximovic 
AStrabad Bay, 
Caspian Sae,. 


leuciscus Luehe 1910:19. 


erytbro- Diesing 1850:581, 


phthalmus 
pulchellus Leidy 1855:444, 
phoxinus L.Storsjon, Olsson Olsson 1893315. 
Jemtland,and 
BSnan,Sweden, 
Abramis blicca Goeze Diesing 1850:581. 
Rudolphi 
Bremser 
M.Siebold, 18535:95, 
Coll.Brit. 
Museum, 


L.Finjasjon, Olsson Olsson 1893:15. 
Scania,Sweden, 


Zschokke 2schokke 1896:775, 
East Prussia Schauinsland Muehling 1898:33. 
Ladoga-See Firlei Liastow 1905:285. 
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Abramis vimba 

i“ bjorkna 
Cyprinus brame 

" " 
Gyprinus gobio 
Cyprinus alburnus 


blicca 
carassius 


N 
lacustris 
euciscus 

Aspius .alburnus 
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As indicated in the above synonymy the greatest confusion 
existed in connection with this species even from the time of 
Linnaeus, all of the older writers recognizing at least two species, 
“the larval and the adult, and many, several species under each of 
“these. Rudolphi (1810), for instance, accepted four species of 
)the former, "“ovariis occultatis", and the same number of the latter, 
“parasitic in the intestines of birds, "ovariis distinctis". In 
his Entozoorum Synopsis (1819) he reduced the number of larval 
/speocies to two, but retained the same four adult forms as before. 
"The next important move in a systematic direction was by Creplin 
(1839) who divided Rudolphi's L. simplicissima into two larval 
species, viz., L. monogramma and L. digramma, corresponding re- 

| spectively to the previously known L. uniserialis and L. interrupta 
| (or alternans), which plan was followed by Diesing (1850, 1854, 

| and 1863) while Dujardin (1845) and Baird (1853) followed Rudolphi. 
_*Diesing (1850 : 581) erected a third species, L. reptans, to accom- 
- modate numerous forms found encysted in the muscles and connective 
tissues of amphibians, reptiles, birds and mammals; but, as pointed 
' out by Janicki (1906 : 519-520) several larval species were probably 
included under this heading. Those from avian hosts (l1.c.: 583) 
are not given above since they were found only among the muscles and 
under the Skin, where L. intestinalis has never been found in 

birds, so far as the available records indicate. Luehe (1910 : 18) 
did not include them in his list of hosts for thdadult staze of 

Fis species. 

. Next in order of importance came Donnadieu's (13877) 


Classical experiments in which,after completely reviewing the 
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literature up. to date, he conclusively proved that the form found 
in the body cavities of various bony fishes is the larval stage of 
that present in the intestines of birds. As a result of his 


work he combined the two forms under a new name, Dibothrium ligula, 


‘intestinalis. The life-history of the species was later studied 
by Riehm (1882) by feeding methods. Moniez (1881: 37, 81) was the 
i first writer to study the histology of the species, while Kiessling 
(1882) gave us the first description of its general anatomy. As 
- emphasized, however, by Linstow (1901), Kiessling's work is not 

very specific, since he almost constantly disposed of L. intes- 

tinalis by saying that in it conditions were the same as in Sch. 
/ Solidus. While, apart from Donnadiew and the earlier writers, 
1 Willemoes-Suhm (1870 : 94) was the first to study the development 
"of the embryo with attention to detail. Schauinsland (1885 : 550) 
enlarged upon his observations and gave a more or less complete 
description of the process up to the time of the escape of the 
ciliated larva. Niemiec (1838 : 2 ) described the nervious system, 


and Cohn (1898 : 134) pointed out its resemblances to Sch. solidus 


in this regard. JZernecke (1895) in the meantime dealt in his well 


| known work on the finer structure of cestodes with the parenchyma 
and the nerv:.ous and muscular systems in particular, since when 
little has been done in that connection. The question of segmenta- 
tion was studied by Luehe (1898); and later the same writer (1899: 
62) placed the species in his first classification, stating his 
“belief that there is only one species of Liguia, viz., L. intes- 


tinalis (L.). The latter conclusion was also arrived at by 
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Linstow (1901 : 638), altho he attributed the specific name 
“Goeze; while in his latest classification Luehe (1910) maintained 
the same view. 
Consequently, taking for granted in the absence of Euro- 
pean material for comparison, that the latter has been established 
me a fact for the European forms, it is for the present writer to 
Sekternine whether we have here in America the same species. And 
BO far as the majority of specific characters are concerned, we 
have to rely on the descriptions of Kiessling and Linstow (1901) 
“who seem to have been the only writers to attend to the details of 
the reproductive system, and, as mentioned above, Kiessling's is 
quite inadequate in this connection. The only American reports 
of the species are of larval forms : L. monogramma by Leidy (1855 : 
| 444) and Dibothrium ligula by Linton (1897 : 438), the former 
| having also listed (1856 : 46) the doubtful L. reptans. 
Luehe (1910 : 18) gave the dimensions of the species as 
) 100-400mm. (occasionally 1 metre) in length by from 5 to 15mm. in 
| breadth, not distinguishing, however, between the larva and the 


adult in this regard. Linstow (1901 : 629) reported a larva from 


' Blisca bjorkna 200mm. long, 9 broad and 3.5 thick, adults from 


Podiceps cristatus and Mergasser merganser being 160mm. long, 4 
broad and 1.5 thick; and concerning these differences said that: 
‘Wenn man die Geschlechtsform aus Végeln oft kleiner findet als die 
Larve aus Fischen, so mag das seinen Grund darin haben, dass die 
‘letztere sich in der Grosse ihren Wirth anpasst; die grossen Larven 
in grossen Fischen kénnen aber nicht von kleineren Vdgeln ver- 


Schlungen werden." The largest larval specimen at hand was one 
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from Catostomus commersonii which measured 425mm. in length by 
15 in maximum breadth, but the largest adult from Merganser gp. 

was only 142mm. by 7.5. In the larva the anterior end is some- 
ibs bluntly rounded (Fig. 1) the bothria being visible as very 
| short grooves passing over the tip, while in the adult they are 
more elongated and distinct, the end of the strobila being some- 
what protruded, as shown in Fig. 8. On each surface of the 
larva there is a deep, median, longitudinal furrow, which, however, 
“becomes obliterated in the adult, excepting anteriorly,by the 
Besewth of the reproductive organs, the ducts of which are con- 
» fined to the median line of the strobila. When these are developed 
the strobila is characterized dorsally by a low median ridge 

| bounded on each side by a quite shallow groove, and ventrally by 

» @ greater thickening of the median line, not separated, however, 


_ by any grooves from the lateral regions. The whole strobila 


\ gradually tapers from a short distance behind the anterior end, 


where the maximum breadth is located, to the posterior end. 
io reag in the larva it is quite thick, in the adult it is thin 
ami ieaf-like, the margins usually appearing, especially posterior- 
ly, wavy in alcoholic specimens. A pseudosegmentation is present 
btn the anterior end of the strobila, but as has been known, espe- 
@ially since Luehe (1898) emphasized the fact, this division of 
the strobila into segments does not correspond with the internal 
dividon into true proglottides. Gemmill (1909 : 11) counted 

about 50 of them in the anterior third of the worm, the writer 

38 or 39 for a distance of 13mm. from the tip of one adult speci- 


men (Fig. 2) and 36 for lOmm. in another. They vary considerably 
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ain length and are often incomplete medially. From the anterior 
“region showing external segmentation to the posterior end both 
larvae and adults, but particularly the latter, are crossed by 
“very numerous irregular grooves which give the worm its charac- 
| teristic appearance, apart from the general shape, as contraeted, 
for instance, with the closely related Schistocephalus solidus 
(vide erin): The smallest larva met with was one from a small 
specimen of Micropterus dolomieu, 47mm. in length. It gave the 
following measurements: length, 4.9mm.; maximum width,0.54; width 
/one third the length from the enterior end, 0.54, two-thirds, 
0.37; length of bothrial groove, ? 0.07mm. All sizes from this 
to the largest mentioned above were at hand. 
| The enticula was found to have a thickness of from 5 to 
10%, compared with 16-184 by Kiessling and 2.1 (3) by Linstow. 
I It was seen to be homogeneous in the sections made rather than 
divisible into the three layers described by the former, with 
some tendency, however, for the outer one-quarter to one-sixth to 
take the stain much less than the remainder of the tissue, which 
| outer clearer area is often bounded by a very delicate pseudo- 
Ciliated layer. There was found to be as much variation not only 
in the thickness of the enticula but also in its structure, that 
nothing more will be said excepting that these remarks apply to 
the larva as well as to the adult. The subcuticula varies from 
70 to 904 , — 33-494 according to Kiessling and 114 ~ to 


Linstow. Calcarcous bodies in the characteristically fine paren- 


_ chyma., described by Moniz and Zernecke, and given dimensions of 


a3 x 7.8m by Linstow, were not observed to the writer's satisfac- 


tion. 
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. The musculature has been well described histologically 
hy Zernecke (1895); while Kiessling spoke rather briefly of its 
arrangement in the late larva. Later Luehe dealt with the system 
‘in general (1897a and 1898) and its relation to the nervous 
system (1896 ), and Linstow (1901 ), hue a concise account of 
| ite arrangement. The writer has nothing of importance to add to 
the contributions of these authors. 

The chief nerve strands were found in transections between 
the lateral and median quarters of the transverse diameter of the 
' strobila, in the median frontal plane that is below the neighbor- 
ing testes, and with a diameter of 50 p - The details of the 

| system have been studied by Moniez (1881), Niemiec (1838), 
BeRernécke (1895) and Cohn (1898), the latter of whom found condi- 
tions pretty much as in Schistocephalus, namely,that each chief 


strand has associated with it six collateral strands, arranged in 


}| three groups oftwo each. 


The excretory system was studied by Moniez and Zernecke 

in considerable detail. As pointed out by Linstow two regions 

_ accommodating numerous longitudinal vessels are present: (1) an 

outer, close beneath the vitelline clands, and (2) an inner, be- 

tween the inner longitudinal and transverse muscles, or as Linstow 

figured, between the former themselves. In the material studied 
the outer-plexus showed very plainly, but the inner vessels were 
found among both sets of muscles and not nearly as distinct as 

the outer ones. 

The sets of genitalia, beginning about lOmm from the 


anterior end and very closely crowded together in the longitudinal 
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Ercetion, were found to lie from 0.14 to 0.18mm. apart, 0.13- 
0.15mm. being the data given by Linstow. The openings are 
usually almost exactly in a transverse line, but the cirrus and 
uterus openings alternate irregularly from side to side, that of 
the vagina being constantly in the middle. This alternation of 
the openings is due to the similar alternation of the internal 


Organs and evidently was the basis upon which the earlier species 


Lb. digramma and alternans were established. The genital cloaca 


ae a quite irregular transverse depression, 0.18-0.20mm. in width 

~ and @.02-0.03mm . in length, the respective measurements by Linstow 

DP ieing 0.106 and 0.026mm. 

| "The testes lie in a single row, which is only interrupted 
Dy the uterus, on the dorsal side of the medulla ... ". They are 
from 35 to 40 in number in transections, ellipsoidal in shape, 

| their greatest diameters being transverse, as indicated by the 

q maximum width, length, and depth being, respectively, 115, 45, and 

«BB py -  lLinstow gave them as 150 to 180» long by 88 to 156” 
“wide. The loosely coiled vas deferens is situated above the cirrus- 
sac (Fig. 3) and is roughly divided into two parts by the laterial 
“Coils of the uterus, one part being immediately above the cirrus- 

| sac and the other close to the dorsal body-wall. The duct attains 
"@ diameter of 30 when filled with spermatozoa. Distally it ex- 
Pands into the very small (as compared to that of Sch. solidus) 
“seminal vesicle, situated close to the dorsal wall of the cirrus- 
gac. The vesicle was found to be from 65 to 80» in length by 
40-65 in diameter (156 x 86» , Linstow), oval in shape, the 


“narrower end towards the cirrus pouch, and provided with only a 
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‘comparatively feeble musculature. The wall of the structure is 
‘richly supplied both internally and externally with nuclei which 
‘are respectively those of the lining epithelium and the myoblasta, 
as in Schistocephalus (vide infra). The epithelium is strongly 
“Ciliated. The cirrus-sac (Fig. 3) is an ovoid body, somewhat 
flattened dorso-ventrally and obliquely by the uterus and alterna- 
ting irregularly from right to left, always occupying the opposite 
side of the median line from the ovarian isthmus and the neighbor- 
ing Senate ducts. Its wall is quite thin, while apart from the 
_ cirrus proper which occupied the distal two-thirds, the contents 
estat of loose parenchyma and few retractor muscles. The measure- 
Dean te of the organ in sections are: dorsoventral diameter, 185-300; 
width 130-145; and length, 130-135; which are quite at variance 
} With Linstow's diameter of 53, of what he described as a spherical 
Nergan. Within the cirrus-sac the vas deferens is not sharply 
» separated into ejaculatory duct and cirrus proper, altho the latter 
is quite distinct, closely coiled and as much as 25» in diameter. 
The vagina opens into the common genital cloaca, if one 
may use that name for the depression mentioned above, in the median 
line and usually equidistant from the openings of the cirrus and 
uterus. It passes dorsally thru the cortex and the musculature 
‘with almost a straight course and then within the medulla turns 
sharply posterolater.ally, in which paitiuks of its course it has a 
diameter of from 15 to 30p (Sp, Linstow). Its thin lining of ) 
eutioula, directly continuous with that of the genital depression, 


gradually passes into a nucleated epithelium, in which no distinct 


cell boundaries were made out, just within the cortex. Dorsal to 


sf sisters ese a0. few off 24 
sit LSle ei lansietae hae tar 
iP Bi ait edt 279 SoC. to oncatt 4d 
rE welt ge cet Caxton shiv) s | 
$ sion “eee blowo) ae et AB art) ¥ 
att xd eisuptsgo baa ikea 
. eyenta Vet hOLof angie work 


= itat sereeee. af? xox? eatt ; 
SES 26 ts 4 i SEF we Lue RL Lfaw efi oe 


are eds -oirl LAT=On) Lease th ong et 

wt Se 199 OeaTs. wal Coes aycoustag.€ 

iamerlh Laptiupviateh 1%4.enpiicap at negro" 
oletiav ge se fag exe doidw 43 bL-06E -eitaaed Dita, 
dow 8 am Bed freed el Pguiw 20 in BE 3D x omeee 
Poe io! @) ouetéied gay ed} ofe-trecto exit 
“tle wets agivta poe tout erodedaoate 

meti of «0 @@ tip es hme Hetteo $iseeto Jom ta 
| , stgeds fer laen 1206; aed etm heaago catgerg 
sat nit ,evots Benedtiton nokeeongel ety sol SALE 
uavtsto cis BO epatgegc’ ede BOX S poet ot? Lope. | 
iu @legiewee wis Daa Ke? SOG ould sucht eifsezod raed 
ivi .«,ibnem eit meisde. aedt bra seo ephenomcil 


“ 


.] 


72 sRTuD, et to. ng tian Agtiw eh: gplfe te 
wert euest << hwOte sth r 4a) OS of BL 
massged 13 losp eg? to seat uo pifeisn!s 100 " 
ei oa Sofie ne smut ions tte bet aoe 
Let20h .meatuos ei wile a sary tae chem 4 


the ovarian isthmus it enlarges into an elongated receptaculum 
Bieinis eitphwas found to have a maximum diameter of 75n. Lin- 
stow described a spindle-shaped serminal receptacle, 13m im 
diameter, and an oocapt as follows: "dorsal vonier Vereinigungstel- 
le der beiden Keimstocksflugel liegt der ovale, 0.088mm. lange 
und 0.066mm. breite Schluckapparat"; each of which, however, in 
“comparison with that described here by the writer and for Sch. 
solidus below, seems to be confused with the other. At least the 
“Oocapt of none of the bothriocephalids studied was found relatively 
"so large as indicatec by Linstow in his measurements and in his 
)figure, nor was the receptaculum as spindle-shaped as shown in the 
‘latter. In this connection Kiessling described a swelling of the 
vagina, 46, in diameter, which contained spermatozoa. The spermi- 
| duct is 80 short and of such a small calibre that it is quite 
: difficult to locate it in sections. It unites with the oviduct a 
short distance from the oocapt (Fig. 4) much as in Sch. solidus, 
after pursuing a horizontal course. It is about 25 in length 
-@nd 12» in diameter. The ovary is asymmetrical, as stated by 
SiGeazling but denied by Linstow, since it consists of a much de- 


pressed lateral wing, situated close to the ventral musculature 


(Pig. 3) and a more median enlarged portion which functions as the 
Methmus in that the oviduct arises from it. This isthmus-like 
“region is not in the median line but phone 0.25, from it, the whole 
organ alternating irregularly from right to left, constantly op- 
posing the cirrus-sac on the other side. It varies from 0.55 to 
0.64mm. in width and has a length laterally of 0.12mm. Its un- 


f 


usual situation is evidently due to the closely crowded condition 
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of the reproductive organs and the pressure exerted by the large 
uterus in the median line. Whereas the wing has a maximum dorso- 
ventral diameter of about 607 , the isthmus is about 95. in 
depth and roughly ellipsoidal in shape, protruding in sections 
from the dorsal region of the junction of the wing (Fig. 3). Ova 
from the isthmus were found to be oval in shape and 15 x 13pm in 
size (13-16), Linstow). The oocapt is directed horizontally away 
from the side of the isthmus and from the median line. Its dia- 
meter is 18-20, , with which compare the dimensions of 88 x 66 aw 
given by Linstow (vide supra). The oviduct has a diameter of from 
15 to 2c0n . Taking a general dorsal course after being joined 
by the spermiduct, it soonfreceives the common vitelline duct 

(Fig. 4) which has only a limited enlargement from a previous dia- 
meter of 10-20» to 30 w to form the vitelline reservoir which is 
located close to the oviduct with a length of 40». The vitelline 
foilicles are situated in a layer close beneath the subcuticula 
and are continuous, excepting in the median ventral line. The 
individual follicles, very irregular in shape, are 50-60 p in 
depth and 30 in width, Linstow's measurements being 65 x 47 w 
and Kiessling's SK in the larva. Concerning the shell-gland Lin- 
stow said: "Die Schalendruse ist ein 0.088-0.105mm. grosses Organ, 
das dorsal von der Mitte des einen Keimstockfllgels an der Ent- 
Sprechenden Aussenwand der Uterus liegt; die Zellen, deren kleiner 
Kern sich intexiv farbt, sind 0.0039mm. gross." In the sections 
made by the siessoa it was found to be a quite irregular structure, 
“composed of greatly elongated club-shaped cells with necks of 


different lengths which unite with the oviduct ina region only 
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} about 30u in length and situated just beyond the point of recep- 


tion of the common vitelline duct (Fig. 4). These cells are so 
loosely arranged and their proximal attenuated portions of such a 
filiform nature that they are very easily overlooked, especially 
Since they are scattered thruout the whole of the dorsoventral 
diameter of the medulla of the region and are interwoven among the 
Oviduct, the receptaculum, the vitelline duct and the beginning of 
the uterus. They form by no means such 2 compact organ &s 
Linstow's description and figure would indicate. The distal ends 
of the cells are about 15 x LO ph in size, while their nuclei are 
about 44 in diameter. Kiessling described the sheil gland as 
similar to that of Sch. solidus and as follows: "Die Schalendruse 
pesteht aus Drisenzellen, welche an feinen Stielchen befindliche 
Bl&schen an der Oberflache einer Halbkugel angeordnet sind and ihre 
Stielchen als Radien nach dem Mittelpunkte der Kugel senden"; and 
his figures of such a compact region are likewise quite different 
from conditions described here. The uterus forms a mass of coils, 
0.5-0.6mm. in diameter in the median line, from which a straight 
portion passes ventrally thru the musculature and cortex to the 
opening which is about 20% in diameter (35 , Linstow). The 
diameter of the duct is 60 in the median frontal plane but only 
half that amount as it passes thru the longitudinal muscles. The 
| measurement of the eggs are according to Kiessling and Linstow, 
respectively, 49 x 34. and 65 x 42 : they were found by the 
writer to be 52-54 x 31-33» in sections. 
Our knowledge of the life-history of the species is con- 
fined chiefly to the works of Duchamp (1876 ), Donnadien (1877) 
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1 ana Riehm (1882) who firmly established the well known fact that 
the larva present in the abdominal cavities of various species of 
teleosts develops rapidly in the intestines of fish-eating birds. 
The production of eggs begins after about 36 hours, while the 
adults live for from three to four days only in the definitive 
hosts. But apart from these and other closely related details 
which were brought out by Donnadieu by means of well conducted and 
controlled experiments, nothing is known, so far as the writer is 
aware, of the development of the oncosphere in the intermediate 
host up to the time when they become distinguishable as small 
larvae. The measurements of the smaliest larva found by the 
writer have been given above; Figs. 5 and 6 are of two slightly 
darger specimens, the latter being 6.1mm. in length by 1.34mm. 
maximum breadth. 

Alitho the above description shows many discrepancies be- 


tween the species as here dealt with and the European form, the 


writer does not feel justified in separating the two specifically, 


@€specially in the absence of Furopean material for comparison. 

The thickness of the cuticula, and subcuticula, the dimensions of 
the testes, seminal vesicle and cirrus-sac and the diameter of the 
vagina show the greatest differences, apart from the probable 
confusion by Linstow of the oocapt and receptaculum seminis, while 
the measurements of the eggs as here given are somewhat inter- 
mediate between those by Kiessling and Linstow. But the fact 
that the data given by the latter are apparently the only adequate 
ones for the adult and that there are not a few discrepancies be- 


tween Kiessling's and Linstow's accounts restrains the writer from 
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| looking upon this, tthe American form, as new. In dealing with 


this question of identity we must also remember that not only 

does the species vary so much that, as pointed out above, a great 
deal of confusion exists in the earlier literature but that the 
number of host species of the larva as well as of the adult is 
very large as compared to other species of bothriocephalids, hence 
introducing greater factors for variation; and above all that the 
geographical distribution of the wading and diving birds harboring 
the mature worms is such that here in America we have many of the 
same species as well as the same genera that occur in Europe. As 
the above record of hosts indicates, the species certainly ranges 
widely over Europe and Northern Asia, so that it would be quite 
surprising if it did not occur here in North America, with the 
probable region of transition in Iceland and Greenland on the east 
and Northeastern Siberia and Yukon on the west. However, apart 
from Leidy's and Linton's records it has apparently not been re- 
ported up to the present. 

The material studied by the writer consisted of the foilow- 
ing lot of larvae: Nos. 4706 and 4708 of the Collection of the 
United States National Museum; Ch 18a, 16.411, 16.413, 16.414, 
16.419, 17.31 and 17.32 of the Collection of the University of 
iljinois, under the care of Professor H. B. Ward; Nos. II, III, 
IV, and V from the Collection of Mr. H. R. Hill made at Turtle 
Lake, Michigan; and Nos. 47, 54, 150, 158, 159, 160, 189, and 190 
of the writer's collection; and the adults contained in Nos. La- 
156, 17.184, and 17.185, ¢. U. Ill. respectively from the intes- 


tines of Merganser sp., Podilymbus podiceps and Colymbus Rolboellii. 
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Genus 2. Schistocephalus Creplin,1829, 
Taenia (part.) Auctorum, 
Hirudo (part.) Linnaeus ,1745. 
Fasciola (part.) Linnaeus ,1767. 
Rhytis (part.) Zeder,1800, 
Halysis (part.) Zeder, 1800, 
Bothriocephalus (part.)Rudolphi, 1808. 
Schistocephalus(part.) Creplin,1829. 


Generic diagnosis: Bothria and external segmentation al- 


Beadsevelaped in the larva. The tip of the scolex retractile. 


Segmentation complete and corresponding to the internal structure 
of the animal. Longitudinal and transverse muscles arranged in 
several alternating aayers (three transverse layers enclosing two 
longitudinal layers). 


Type (and only) species: Sch. solidus (O.F.Muellerh, 


Schistocephalus solidus (0.F.iiueller,1776). 
(Figs. 7 - 9.) 

Larval stage: 
1734 Taenia ‘_Pritsch 
1745 Hirudo depressa alba Linnaeus 
1758 Fasciola hepatica Linnaeus 
1761 Taenia Jata Pallas 
1767 Fasciola hepatica Linnaeus 
1776 Taenia solida Mueller 
1780 Ta@nia gasterostei Mueller 
1780 Taenia gasterostei Fabricius 
1781 Taenia acutissima Pallas 
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1786 Taenia gasterostei Batsch 1786 : 224, 
1788 Taenia salida Schrank 1788 ; 49. 

1790 Taenia solida Gmelin 1790 : 5079. 
1790 aenia gasterostei Abildgaard 1790 : 49-58. 
1800 Rhytis solida Zeder LEGO) -:. 287,, 
1810 Bothriocephalus solidus Rudolphi LEO =< 57, 

1819 Bothriocenphalus solidus Rudolphi 1819 ;: 139,477. 
1819 Botnriocephalius salidus Leuckart 1819 ; 46. 

1824 


Bothriocephalus solidus Nitzsch 1824 3: 97. 


1829 Bothriocephalus solidus Baer L829 s S868, 
? 1863 Schistocephalus thynch- Diesing 1863 : 233. 


ichthydidé 
1896 Sch. dimorphus Zschokke LSOGS 21 775% 


1896 Schistorhynchus dimor- Zschokke 1896.3 776. 
phus 


1897 Schistocephalus dimor- Linton KS97 s 427. 
phus 


1898 schistoc. solidus Cohn 1898 3; 126. 


1898 schistoc. solidus Muehling 1898 3; 33. 


1899 schistoc. solidus Luehe | 1899 ; 52. 


1909 Schistoc, 


solidus Scott 


Adult stage: 


1782 Taenia lanceolata nodosa Bloch L782. <3 10, 


1786 Taenia lanceolata var. Batsch L786 : 167. 


1788 Taenia nodularis Schrank L783 238), 


1790 Taenia lanceolata nodosa Gmelin L7SeO"°s, SOT SG. 


1790 Taenia gasterostei Abildgaard 1790 : 49-58, 


1793 Taenia lanceolata nodosa Rudolphi L795" 3 41. 


1800 Halysis alnceolato- Zeaer 1800 ; 340. 
nodosa 
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3830 Bothriocephalus nodosus Rudolphi 1810 : 54, 
1819 Bothriocephalus nodosus Rudolphi LBLO is 248, 
1819 Bothriocephalus nodosus Leuckart 1819.3: 58. 
1824 Bothriocephalus nodosus Nitzsch 1824 ; 97. 
1829 Schistocephalus dimor- Creplin 1829 : 96. 
phus 
1859 Schistoc. dimorphus Creplin 1859 : 296. 
1845 Schistoc. dimorphus Dujardin 1845 :~622. 
1850 Schistoc. dimorphus Diesing 1850 ; 584. 
1853 Schistoc. dimorphus Baird LB'53...3. 92. 
1854 Schistoc. dimorphus Diesing 1854, :..19) 
1858 Schistoc. solidus R.Leuckart 1858 : 129. 
1859 schistoc. solidus Steenstrup 1BS9.«s 47.9 
1863 schistoc. dodmorphus Diesing 1865.3. 232. 
1869 Schistoc. dimorphus Willemoes- 1869 : 469. 
Suhm 

1877 Dibothrium ligula Donnadieu l877:: 495. 
1881 Schistoc. dimorphus Monniez 38L 3 LPS. 
1882 Schistoc. dimorphus Kiessling 1882 

1889 Schistoc. solidus Loennberg 1889 ; 40. 
1890 Schistoc. dimorphus Loennberg Leeo 2 LB. 
1893 Schistoc. dimorphus Duisson Laos OP "iS: 
1896 Schistoc. dimorphus Ariola 1896 ; 280. 
1896 Bothriocephalus Fuhrmenn 1896. 

zschokkei 

1898 Schistoc. zschokkei Fuhrmann Leas 144. 
1898 Schistoc. so lLidus MuehLing 1898 : So. 
1899 Schistoc. nodosms Luehe 1899 : 52. 
1900 Schistoc. dimorphus Ariola 1900 :426 
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1910 Schistoc. gasterostei Luehe 3910 e7 the. 
1911 Schistoc. dimorphus Solowiow 1911 ; 1235, 


Specific diagnosis: With the characters of the genus. Me- 
Gium sized worms,length 50 to 300mm.,breadth 3 to 9. First seg- 
ment or"scolex" 0.4 to 0.8mm.in length and 1.0 to 1.3 in width. 
Strobila ovate-lanceolate and depressed,maximum breadth anterior to 
the middle; hindermost segments narrower and flatter, 0.25 to 1.0 
mm. in length by 1 to 5 mm. in width, forming an appendage up to 
10mm. in length; medium segments 0.1 to 0.5mm. long,posterior bor- 
ders prominent. Shallow median groove on the ventral surface, 

Cuticula 15 to <Ow in thickness; subcuticula 40 to 65u., Lay- 
er of internal longitudiaal muscles 15 to S5O~in thickness. Nerve 
Strands 50 to 75y in diameter, 25 to 50 excretory vessels in trane 
sections, 

Genital cloaca median,shallow,with a diameter of 90"; no her- 
maphroditic duct, Opening of vagina close behind that of cirrus 
and to one side but not so far as that of the uterus,both altere- 
nating irregularly from side to side, 

Testes extend from the median genital ducts laterally to the 
edges of the medulla, unbroken from proglottis to proglottis,close= 
lg crowded,240 to 480 in number for each proglottis,85 to 100 in 
depth, 40 to 65 in width and 55 to 85 in length. Vascdeferens mee 
dian, dorsal,closely applied to the seminal vesicle,the whole mass 
0.50mm. in diameter, the duct itself 35 to 60. Seminal vesicle 

175 x 150» ,walls 25 we in thickness, Cirrus-sac oval in shape, 
immediately below the seminal vesicle, 0.185 - 0.205 x 0.205-0.212 


x 0.166-0.185mm. in dimensions. No inner seminal vesicle. Cirrus 
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proper not sharply separated from the ductus ejaculatorius; whole 
surrounded by numerous retractor muscles, 

Vagina 45 to 60» in diameter just within the medulla, Recep- 
taculum seminis large, 92-104p in diameter. Spermiduct unites with 
the oviduct close to the ventral wall of the medulla. Ovary with 
large wings consisting of closely arranged tubules, whole organ 
0.6mm. in width,wingsO.10 in length. Ova lop in diameter, their 
nuclei 5». OG@capt 55 to 40min diameter,oviduct 25 to 50h. Vi- 
telline gland unbrokem at margins of the proglottis,from proglottis 
to proglottis and medially, excepting for small areas above and be- 
low the proximal reproductive ducts; individual follicles 55-90 x 
18-26p . OOtype 16-20, in diameter. Shell-gland slightly to one 
Side of median line. Uterus 85-155p~ in diameter at its middle; 
the terminal portion directed dorsoventrally and Lined with cuticue 
la distally; opening at the bottom of a slight invagination of the 
ventral body wall, formed by. the rupture of a preexisting cuti- 
cular membrane, 

Eggs, 58-65 x 22-38p . 

Habitat: As larvae in the body-cavities and coccasionally in 
the stomach ana intestine of bony fishes; adults in the intestines 


of wading and diving birds. 


Host Locality Collector Authority 
Larval stage: 
Gasterosteus aculeatus -------- Frisch Diesing 1850:584. 
si a Greenland Fabricius Fabricius1780:320, 
" Ho ee e---eee - Rudolphi Rudolphi 1810:58. 
" " Gryphswald & . 6 1819:140,. 
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As indicated in the above synonymythis species was known 
for almost a century, at first as the larval form only and then as 
both larval and adult forms, before it was discovered that the two 
species recognized from the time of Bloch (1783) were one and the 
same. Abildgaard (1790), who called the work T. gasterostei, 
seems to have been the first to consider the larval form found 
chiefly in stickle-backs to be the same as that found in fish-eating 
birds, since on feeding stickle-backs infected with the larvae to 
geese he obtained the adult form from the intestines of the latter. 
Yet Rudolphi (1810) did not agree with his conclusions but still 
considered that there were two distinct species, namely, Bothrio- 
cephalus nodosus (adult) and B. solidus (larva). And this con- 
tinued until Creplin (1829) united both in one species under a new 
genus, Schistocephalus dimorphus. Diesing (1863: 233) made a new 


species out of the Schistocephalus found by Weinlend (1859) in the 


Island of Hayti in Rhychichthys grenovii, but later writers have 


considered that in all probability it was only the well know 

larval form of this species. Willemoes-Suhm (1869) was evidently 
the first to study the development of the fertilized ovum which 

was later gone into more thoroughly by Schauinsland (1885 : 555). 
Donnadiex (1877) to whom all go back in their comsiderations of the 
larval development of Ligula, unfortunately fell into the error of 
considering Schistocephalus and Ligula to be not only the same 
specifically but generically. The anatomy was first studied by 
Moniez (1881 : 175), more thoroughly by Kiessling (1882) and still 
later by Fuhrmann (1896) ( under B. z@chokkei sp.nov.) and Solowiow 
(1911). Linton (1897 : 427) is the only one, apart from 
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| Weinland's record which the writer was not able to locate, who 
has reported the species from America. 
: “As regards the correct name of the species it should be 
noted that, altho Luehe (1899 : 52) called the "typical and only 
species" of the genue Sch. nodosus (Rud.) and the larval stage 


Sch. solidus (0. F. Mueller), he reverted in 1910 to "Schist. 


| gasterostei (Fabr.) ( = Sch. dimorphus Crepl.)" without, however, 


@iscussing the change. But according to the Rules of Nomenclature, 
Art. 27 (b), the earliest name of the larval stage must hold, so 
that, since Luehe himself considered this to be Sch. solidus 
(O. F. Mueller), the writer makes use of the latter in the present 
paper. 

According to Luehe (1910 : 19)Sch. solidus ranges in 
length from 30 to 300mm. while the maximum breadth varies from 
about 3 to 9mm. and is located ahead of the middle of the strobila. 
As shown in the table below the largest and only sexually mature 
specimen of the six studied by the writer (vide infra) was only 
29mm. in length by 6mm. in breadth. The scelex (Fig.7) is, as 
indicated in the above diagnosis of the subfamily, not separated 
from the first segment into which it runs insensibly, the whole 
"head" being thus triangular in shape. The bothria are merely 
short median grooves which unit at the very tip not only with each 
other but with a frontal median groove which passes laterally into 
slight emarginations of the edges of the segments. While these 
emarginations were seen by the writer to be present in the anterior 
segments, gradually disappearing towards the middle of the worm, 


no such "flat leaflike flaps (bothria) on the lateral margins, 
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separated from each other on flat surface by a broad, shallow 
sulcus," as described by Linton (1897 : 428) and shown in his 
Fig. 4, Pl. XXVIII, for the first segment were met with, but the 
posterior border was quite entire, altho, as seen in Fig. 7, not 
Very prominent in the vicinity of the median line in adults as 
well as in larvae. The bothria of the mature specimen (H}%: of 
the table below) were not present, but the region where they would 
otherwise be was seen to be quite smooth, only a shallow, median 
frontal groove appearing. The whole strobila is ovate-laceelate, 
considerably depressed and provided in the adult with a very 
shallow median groove on the dorsal surface (Fig. 9) which seems 
to be due to the slight protrusion of the median reproductive 
Organs, chiefly the cirrus-sacs and seminal vesicles, towards the 
ventral surface (Fig. 8) and the consequent dragging downward of 
the dorsal median tissves. Concerning this matter Linton said 
that "S. dimorphus is described as having in the larval state a 
longitudinal median furrow on each face. These specimens do not 
exhibit this character; neither do they have anything that can be 
properly called a costa dividing the two bothria." While in the 
specimens studied the dorsal groove was present not only in the 
adult but (not so well marked) in the larva, a similar ventral 
groove was also noticed in sections of the anterior end of one of 
the latter. Both grooves, however, are in any case so shallow as 
to be easily overlooked in alcoholic specimens; they seem to be 
of only secondary importance since they are apparently quite vari- 
able in their nature. While the segments in the anterior region 


of the strobila are very broad and comparatively thick, short, and 
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from 0.1 to 0.5mm. in length, posteriorly the strobila is consider- 
ably smaller and flatter, especially in mature individuals, but 
even in larvae the segments being much more irregular in outline 
and as much as lmm. long (0.75 in the only ripe specimen studied). 
The segmented condition of the strobila, in contrast with that of 
Ligula, is rendered more apparent by the prominent posterior bor- 
ders of the anterior and middle proglottides which at the margins 
_/ produce the characteristic saw-tooth effect. The following table 


gives the measurements of two specimens with those by Linton for 


comparison: 

| Number 73 Bok 4727, U.S.N.M. 

| Length 17mm . 29mm . 32mm . 

| Max. breadth 5.5 6 6 

| Length of "Cauda" 1.64 10 ? 

Breadth of same Li 2-3 2.5 
Med. segs., length 0.16 0.27-0.46 0.325 

Peet. *sece.; " 0.25-0.40 0.40-0.75 — i 

| First seg., " 0.46 0.46 0.80 

Breadth anteriorly 0.48 0.46 Q.80 

| f posteriorly ee. ad ed ae 

| Length of bothrium 0.074 Absent ? 

Condition Larval Adult Larval 


Since the essential features of the internal anatomy of 


the striking similarities and differences to and from the data 


| this species have been worked out by the Furopean workers, only 
given in particular by Kiessling, Fuhrmann and Solowiow will here 


be dealth with in support of the writer's contention, in the ab- 
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sence of Furopean material for comparison, that here in America 
we have the same species as: that found in Europe. And it will 
be considered that, as brought out by Luehe in his three contro- 
versial references (1897b and 1899a : 715) and by Cohn (1898 : 
126, footnote), S. zschokkei Fuhrmann 1898 is synonymous with 

S. solidus, since many of the data given below will be seen to 
compare more favorably with those published by Fuhrmann than with 
those by either Kiessling or Solowiow. 

According to Kiessling thecuticula is from 15 to 18m in 
thickness and divisible into two layers, of which the inner and 
lighter is from 8 to 9m thick, while the outer is striated or 
granular. Fuhrmann described a cuticula only ays in thickness 
and divided into two layers, and Solowiow gave the thickness of 
the "homogeneous cuticula" as eSy, but Minckert (1905a : 402) 
said that the comidian or pseudociliated layer, present in many 
bothriocephalids, was quite evident in S. nodosus but absent on 
the posterior borders of the proglottides. Here the cuticula was 
found to be 15» in thickness, excepting on the posterior borders 
where it was only 5» , and to be divisible into two layers, the 
outer of which, a little thinner than the inner, was much lighter, 
Beh wiele® in consistency or somewhat striated with, however, a more 
or less uniform external boundary. It seems to be easily 
separated from the inner stratum, the bounding line, in reality 
the innermost portion of the external layer, being in most places 
very light. In fact the brightness of this inner layer of the 
outer stratum indicates the degree of separation of the two layers 


in the process of sloughing off the outer, which can be easily 
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followed in sections as described by Kiessling. But this de- 
Seription applies only to theadult stege, for in larvae the cuti- 
cula, altho of the same thickness, shows an outer decidedly pseu- 
dociliated layer only 4 # in depth. The subcuticula, 88.54 in 
thickness in the median line according to Solowioy, was found to 
be from 40 to about 65p , Kiessling having given the limits as 
| from 29 to 38p . White the parenchyma is, as described by the 
| authors, very fine meshed, calcareous bodies are present in com- 
|} paratively small numbers, particularly just beneath the subcuti- 
cula of the larva. Their magsimum dimensions were found to be 
| 23- xX 13m. 
| The musculature has been well described by Kiessling and 
Fuhrmann, so that it needs only to be said that in sections of 
'Mature proglottides the writer found that the outermost layer of 
|} transverse muscles as well as the outer longitudinal layer were 
| much less numerous and hence well defined than in the larva. 
Whereas Kiessling gave the thickness of the external and internal 
longitudinal groups, which on account of their compact nature were 


found to be more uniform in thickness than the transvers layers, 


| as 8-33 and 16-49 » » respectively, and Fuhrmann as 4 and Sz 3 
| the writer found them to be 17 and 30-404 
/ The nervi.ous system was first studied in detail by Niemiec 
| (1888 : 9) and later more thoroughly by Cohn (1898 : 126) who 
| 


summarized its structure in the following words: "Von dem vordersten 


Theil, den Ganglien und der Commissur, ziehen die Hauptstr3nge und 


12 Nebennerven rickwarts (six associated with each chief strand). 


| Die Nebennerven theilen sich dichotomisch in zwei Ebenen, der 


Sine on Bory 
7 


“Of elt da See ieee ¥ val bodivonsb ea. 
 “s:) QOUTEE AP ROT. comedies + Ludhjeon cht oF vines 
Lis bboah tatue mo ewode genie dt inissat 
A Ss Sadie na; -Ciqeakb at “ie vise @ 

? jan PeREOR oF? an tinooces , ee te ne ttes 

At cothy gnaved ae « Obst Pod 


' SD ot 6b cuydoweteg. eff sBiae ¥; 
2c) « 


2 fpO0, Glin tittle ,tetene ee 
cF: dzaenae S43. Voreleo lotee  . aise t 


3. CLS" Sun tegegsh:.detigan «ted? -8V% 


Yo Dot ispegh- Lier. sage: sug o Lelong ae 


=~ 


o efoltove ah Sedt bike et Vine, wise tt dads 


Nit “RORTSIUD oOF Tagt-Lamot sedicw off aobeei 
el Doo lhatigued waite. sid as Lise. so “eee 
ex iis 


id cost. Sot pew a  eaied Doe BOTH 
Oss Lainey sists secre tise wait every ant | 

Std Soy Ge Bink +20e2 To #4 sori 80. dotate LEMMON Bg 
trl atearemete sit aad on bonth tp na poltou acome. ‘1 
4 & bo bogs seats bits color nrapgnen. . 4 Cb-84. 
| HOO, fiw Mad od wnitd bag. ap 

i itsteh ot bebbose to at asterce ons Aer 

: BRGL). tet Ce “eksigiten ont? eT0M retak fae i 

2 ath. ety .edaaee pitwotiotndr hort ants 
2anEt et oa ef) Heide Se Heng teed Teh pate: 
ode Tetdoe doae ad te bore toodne 5p), at 


at a y 
toh  <eGoede Lowel wh <i Lime a: uD 
: | eal rie: 1, 


a laa ne 


frontalen und radiaren, ein Theil des Theilfasem ruckt zwischen 
’ussere Transversal und Langsmuskeln, der andere bleibt weiter nach 
innen zu zuruck, und diese Nerven treten einerseits unter einander 
durch Ringcommissuren, andrerseits durch radia’re Fasern mit den 
Hauptnerven in Verbindung." Whereas Kiessling gave the diameter 
of the chief nerve strands as 38 p and Sbiwiow as 67.9 , here 
they were found to be from 30 in mature proglottides, to 75 in 
the anterior segments. The ganglia were found to have a diameter 
of es 55-85 * , compared with 77 ™ by Kiessling. 

In transections from 25 to 30 excretory vessels were seen 
in the medullary parenchyma with diameters ranging from 29 to 63wp. 
Fuhrmann gave 24 as the number while Solowiow gave their size as 
13.9 to B3.3p. Foramina secundaria are to be seen piercing the 
cuticula here and there, but they are not very numerous. 

As indicated in the diagnosis of the subfamily the repro- 
ductive organs aprear close behind the scalex. In one toto pre- 
paration of a larval specimen, No. 72 of the above table, the 
earliest traces of their rudiments were present in the 18th pro- 


Glottis,or 3.96mm. from the anterior end, while in the only mature 


specimen, H.7, they were in the 16th proglottis, a few eggs appear- 


ing in the uterus of the 17th. The cirrus and vagina were found 
to open close together in a very shallow and sometimes quite obli- 
terated genital cloaca. With a maximum diameter of about SOM » 
the vagina behind the cirrus, but very slight either to the right 
or left and not according as the uterine opening further back like- 
wise alternates irregularly but with a greater amplitude. The 


three apertures form almost a right-angled triangle, as described 
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by Kiessling, but, as was pointed out by Luehe (1899a :716) this 
arrangement is by no means constant but varies with the state of 


contraction or relaxation of the whole strobila and hence cannot 


‘be considered as specific. 


The testes are arranged in a single layer in the dorsal 
portion of the whole of the medulla not only in the larval but also 
in the adult, as described by Fuhrmann, the majority of the 
excretory vessels being situated towards the ventral side of the 
meduila, and are absolutely continuous from proglottis to pro- 
glottis. Their number in transections is from 30 to 40 (30-35, 
Kiessling) and in sagittal from 8 to 12 for each proglottis, thus 
making the total from 240 to 480 or over 300 on the average, which 
stands in distinct contrast with the number of about 100 given by 
Fuhrmann. The latter gave their dimensions as 80 x Jay, Kiessling 
as 16 to 66#* in young and 149 in mature animals, and Solowiow as 
68-93 p ; while the writer found them to be from 85 to 100p in 
depth, 40 to 65 in width and 55 to 85 in diameter in frontal sec- 
tions. They are very closely crowded together in the proglottis. 
The vas deferens forms a compact mass of coils situated in the 
median line dorsally and slightly posterior to the vesicula semi- 
nalis to which it is closely applied as a sort of cap. While the 
diameter of the whole organ is about 0.3mm. that of the duct it- 
self is from 35 to 60 fA when distended with spermatozoa. Kiessling 
gave its diameter as 38, and Solowiow as 16.3. The large thick- 
walled seminal vesicle (Fig. 9) situated immediately above the 


cirrus-sac was found to have a maximum depth of i7Sp and transverse 


diameter of 150 p » as compared with the 92 of Kiessling and the 
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80 of Fuhrmann. Its walls are very muscular, about 254 in 
greatest thickness and covered both internally and externally with 
numerous nuclei which are respectively epithelial and parenchyma- 
tour or myoblastic in their nature. Within the cirrus-sac the 
was Geferens is much coiled but not enlarged to form any secondary 
WYesicle nor sharply separated into an ejaculatory duct and cirrus 
proper. The sac itself is oval in shape, the ventral end being 
the smaller, and the proximal end somewhat invaginated by the 


seminal vesicle. Its size is shown in the following table: 


Kiessling Huhrmann Solowiow The writer 
Depth 0.347mm. Q0O.25mm. O.204mm. 0.185-0.203mm. 
Width 0.192 " G@.12°" 0.174" 0.203-0.212-" 
Length 0.166-0.185 " 


Its wall, about equal in thickness to that of the seminal vesicle, 
is, however, more open in texture, the ityoblastic nuclei of the 
Obliquely arranged muscle fibres being scattered thruout its dia- 
meter (Fig. 9). It is, furthermore, not sharply separated either 
externally or internally from the surrounding parenchyma and the 
numerous stout retractor muscles of the cirrus, respectively. The 
latter, in fact, constitute practically the whole of the contents 
of the sac apart from the duct itself. The only protruded cirrus 
seen had a length of 70m, as compared with the 0.3945mm. given 
by Solowiow. 

The vagina, the opening of which is usually situated 


about 50 from that of the cirrus at the bottom of the shallow 


genital cloaca, above mentioned, has a diameter of from 45 to SOIR 
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at the first bend in its course within the medullary parenchyma. 
Soon after it enters the latter it becomes thin-walled,as pointed 
out by Fuhrmann, owing to the thinning out of the cuticula and the 
substitution of the proximal nucleated epithelium for the same, 
altho more peripherally much flattened nuclei are to be seen be- 
Neath the cuticula and crowded close to the basement membrane. 

In other words the gradual replacement from within outwards of the 
cuticula for the original epithelium may be followed very easily 
in the walls of the vagina. The duct gradualiy enlarges to form a 
much elongated receptaculum seminis (Fig. 8) with a diameter of 
92-1044 . (9-31, according to gibsedines) and sharply separated 
from the spermiduct, which, however, was not found in the sections 
made to unite with the oviduct close to the dorsal transverse 
musculature as stated by Fuhrmann, but close to the ventral wall 
of the medulla. The ovary consists of two large wings (Fig. 8), 
composed of closely crowded tubules, lying immediately upon the 
ventral transverse muscles and united by a much smaller isthmus, 


the whole having the width of 0.64mm, as compared with the 0.28mm. 


of Solowiow. The average length and depth of the wings are, 


respectively, 105 and SO W- Ova from the isthmus and more median 
portions of the wings of the ovary were found with a diameter of 
13 @ while their nuclei were 5y. The respective measurements by 
Kiessling and Solowiow were 9 and 6@ and 13.9-23.3 and 1.5-3p. 


Fuhrmann stated that one of the most important differences between 


of an oocapt, but Luehe (1899a : 717) claimed that this structure 


was in all probability overlooked by Kiessling. It arises from the 
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posterior aspect of the isthmus almost in the median line with a 


diameter of from 35 to 40. The oviduct, according to Kiessling 


BP esa san eat ee 
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has a diameter of 13~ or to Solowiow of 2327p ; here it was found to 

be from 25 to 30» between the entrance of the vagina and that of 

the common vitelline duct, which two points are close together as 

in L. intestinalis. The common vitelline duct was found enlarged 

some little distance from its opening into the oviduct to form a 

vitelline reservoir having a diameter of 30h (23m, Kiessling). 

The vitelline follicles are extremely numerous and closely crowded 

together in a layer with a maximum thickness of 85p situated be- 
tween the inner longitudinal and middle transverse muscles (Tiga 6) 

| They are continuous at the margins of the proglottis, as they are 

| from joint to joint, and broken only in limited elliptical areas 

| above and below the reproductive ducts in the median line, as stated 

| by Fuhrmann. The size of the individual follicles is according 

| to Kiessling 56-107 x Sop and to Solowiow 18 x 37p; here they 
were found to be 58-87 x 18-25» , the larger dimensions being 
the dorsoventral diameters. Just beyond the entrance of the common 
vitelline duct the oviduct enlarges to form the ootype with a 
diameter of 16» (20 m, Kiessling) and surrounded by the shell- 
gland which is situated just above the median frontal plane and 

' somewhat lateral. Thruout its course the oviduct is lined with an 
epithelium in which prominent nuclei but no dictinct cell boundar- 
ies were seen and from which numerous cilia protrude into the lumen. 
In the ootype these cilia are much more noticeable. From the oo- 


type the oviduct passes ventrally with a few coils then across the 


median line close above the receptaculum seminis as the beginning 
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of the uterus. The latter gradually enlarges as it passes forward 
While crossing the median line several times, until at about the 
middle of its course it has a diameter of 85 to 135wu. As re- 
gards the terminal portion of the tube the writer found that, as 
Puhrmann observed: "Der Endtheil der Uterus verengert sich and 


verlauft von der Dorsalfldche (the median frontal plane in which 


the last transverse coil is situated) direkt ventral, um regel- 


-m&ssig abwechselnd links oder rechts neben der Vagina ausztimunden" 
(vide supra). 

Sections show that the actual opening is formed by the 
rupture of the bottom of a cup-like invagination of the cuticula 
from the ventral surface, which meets the end of the duct with a 
diameter of from 25 to 40 . As Fuhrmann stated, "Dieser Aus- 
fuhrgang der Uterus ist von der Stelle an, wo er ins Rindenparen- 
chym tritt, wie die Vagina und der Cirrusbdeutel, von zahlreichen - 
Parenthymmuskeln umhillt und von einer der K3rperccuticula Ahnlich- 
€n membran ausgekleidet," but the cuticula was found as such only 
near the opening, simce only halfway back along this dorsoventral 
limb of the organ flattened nuclei could be distinctly seen. In 
other words the flattened epithelium of the uterus, which showing 
only a few scattered nuclei was described by Kiessling as a "fine, 
structureless but elastic membrane" passes insensibly into the 
cuticula near the opening, no distinct line of junction between the 
two being discernible, which latter is also applicable to the 
Similar structure of the vagina. 

The dimensions of the ellipsoidal eggs in the sctions of 


the uterus were found to be 62-65 x 33-35. Kiessling gave them 
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as 49 x 37p and Fuhrmann as 70 x 29m, but in discussing the 


latter Luehe (1899a : 718) remarked that not only did he find 
variations from 38 x 33 to 56 x 8p in the size of the eggs in 
Material of B. Zschokkei sent to him by Fuhrmann, but that in 

| general even greater variations than these are to be found in 
Other species:according to the various writers. 

Our knowledge of the life-history of this species dates 
from the time of Abildgaard (1790) who, was mentioned above, was 
the first to experiment with the larval individuals found in fishes. 
Creplin (1829) united the two forms which were considered to be 
two separate species into one species, evidently on the basis of 
the previous work, especially Abildgaard's (cf. Donnadiem, 1877f : 
$40-341), while Donnadiew in his elaborate experiments on the life 
history of Ligula unfortunately did not differentiate between it 
and Schistocephalus. The development of the fertilized embryo 
into the encosphere was first studied by Willemoes-Suhm (1869) and 
later more in detail by Schaumsland (1835 : 555), since when nothing 
of special importance has been added so far as the writer is aware. 
Hence up to the present we know no details of the development of 
the oncosphere into the larva in the intermediate host, as is the 
case with most of the bothriocephalids. 

As regards the identity of the material studied with the 
European species it will be seen from the above comparisons that, 
while there are many discrepancies among the data given by Kiess- 
ling, Fuhrmann and Solowiow, those by the latter departing the 
farthest in many respects, the resemblances so outweigh the dif- 


ferences as to make the erection of a new species unjustifiable. 
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| The thickness of the cuticula, the diamter of the excretory vessels, 


the dimensions of the seminal vesicle, the ovary and the eggs, 
which constitute the majority of the differences, might easily be 
explained by differences in age of the material studied, but the 
| number of testes (100) as given by Fuhrmann can scarcely be recon- 
ciled with that as given by the writer (300+), altho his dimen- 
Sions of the organs agree with those given here perhaps better than 
do those by Kiessling or Solowiow. On the other hand we must bear 
in mind other facts which doubtless in the long run are more im- 
portant then a comparison of the details of tha anatomy of this 
€vidently highly variable species, namely, the geographical distri- 
bution of the hosts. Altho we cannot place so much emphais on 
Fabricius’ finding 7. gasteroster in the type larval host as long 
agaio as 1780 in Greenland, we must remember that here in America 
there are, as in the case of L. intestinalis not only a number of 
the same genera but also of the same species of the larval as well 
as the adult host as in Europe, so that from this alone we would be 
justified in expecting to find the same species of Schistocephalus, 
especially since it infests such a number of different host 
species. But, on the other hand, it is a very surprising fact 
that apart from Linton's report of the larva from Montana evidently 
no one has up to the present found the form in any of the numerous 
fish-eating birds of the continent. 

This evident a Aare occurrence of the species is illus- 
’ trated by the fact that the material used for study by the writer 
| consisted of only four lots: Nos. 61b and 72 from the body cavities 


|} Of Uranidea formosa, taken from the stomach of Lota maculosa, and 
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190 from the coelome of Gasterosteus bispinosus atkinsii, of the 
Writer's collection; and No. 17.192 of the C. U. I1l. from the 
intestine of Lophodytes cucullatus, the only mature specimen avail- 


able, = in all only six specimens. 


Subfamily 2. HAPLOBOTHRIINAE subfam. nov. 

Strobila formed by the subdivision of the segments of 
a primary strobila. Scolex of the latter a cylindrical, somewhat 
clubshaped organ bearing four eversible proboscides similar in 
structure to those of the Trypanorhyncha; scolex of the former or 
secondary (definitive) strobila merely the slightly modified fore- 
most segment, provided with shallow dorsoventral depressions ana- 
logous to the bothria of other bothriocephalids. An elongated 
| neck may be said to be present in the primary strobila. Segmen- 
tation of the primary strobila resulting in the formation some 
‘|| distance behind the scolex of a comparatively small number of long 
‘| narrow segments which in turn subdivided anteriorly to form the 
segments of the secondary or final strobila. Segmentation in the 
| latter thus beginning immediately behind the secondary scolex, but 
complete in its anterior region only. Genital organs simple in 
} each proglottis. Genital openings surficial, ventral and median 
| as in the Diphyllobothriinae. Ovary and shell gland median, re- 
| spectively ventral and dorsal. Vitelline follicles in the medul- 
| lary parenchyma, as are the testes, both within the nerve trunks. 


| Testes separated into two lateral fields by the median excretory 


| vessel and the genital organs in the median line. Vas deferens en- 


ie 
| ilarged to form a large non-muscular seminal vesicle before entering 
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the cirrus-sac. Cirrus armed with minute spines. Receptaculum 
seminis medium sized, sharply separated from the spermiduct. 
1 Uterus divided into a much coiled proximal uterine duct and a large 
| uterus-sac, as in the Ptychobothriidae. 


Type genus: Haplobothrium Cooper 


Altho we know as yet comparatively little about the life- 
| histories of the bothriocephalids, the definitive scolex and 
Strobila develop directly from the larval stage, known as the 
plenocercoid, present in the intermediate host. This is certainly 
the case with Ligula, Schistocephalus, Diphyllobothrium latum, 
Cyathocephalus truncatus and Friaenophorus. As a matter offact 
mm all of these the scolex is already more or less well formed. 
before thdlarva reaches the final host, while the plemMcercoid 
continues to crow and soon shows the beginnings of segmentation 
which marks the young strobila. Consequently the writer feels 
that we must look upon what is called here the primary strobila 
of Haplobothrium as the true strobila, homologous with the young 
strobila of other bothriocephalids, altho what was formerly con- 
sidered to be the strobila is quite similar, apart from the absence 
| of external segmentation in its posteriorzegion, to that of other 
| members of the order. Even tho it is provided with a very aber- 


rant scolex region, --— and we must remember that the scolex is no 


| more sharply set off from the rest of the larva in other especies, 


such as D. latum, -- the young and as yet unsegmented primary 
i strobila may be considered to be a typical plerocercoid. 


The nerv’.ous system consists of two chief strands united 
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; anteriorly by a commissure, which is doubtless relatively larger 
than in other forms on account of the neighboring proboscides to 


| which it sends large branches, as in the larvae of Licula and 


| Schistocephalus, for instance. Its excretory system is likewise 


‘built on the typical plan, the posterior connections with the ex- 
Gerior being, in fact, quite like those of B. scorpii. On the other 
hand, it can be seen from the description of the development given 
below that the terminations of the nervous and excretory system 

in thesecondary strobila, both anterior and posterior, support the 
view that the latter is not homologous with the strobila of other 
bothriocephalids. For what was formerly descrided as the ring 
Commissure must now be considered as merely a secondary development 
@ue to the fusion of the severed ends of the chief strands, which 
statement is also applicable to the terminal vesicle of the excre- 
tory system. And this in spite of the fact that the secondary 
Sseoiex is quite similar to the true scolex of other species in that 
it is supplied with two sets of muscles which are not found in the 
foremost segments but are peculiar to the scolex. Since there is 
eonsiderable evidence in the literture of cestodes to show that 
the prominent posterior borders of the foremost segments of many 
Species are developed as accessory organs of attachment or for 
locomotion (cf. Spengel, 1905 : 281), we might well ask ourselves 
whether external segmentation in Haplobothrium, particularly since 
it is confined to the anterior region of the secondary strobila, 

B is palingenetic or coenogenetic in its nature. The facts that no 
Such appendages are present in the primary strobila and that the 


| posterior end of the secondary one is non-segmented apart from 
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she sets of reproductive organs, would seem to point to the 
Ortginal condition being one in which external sepmentation was 
absent as in Ligula or Eriaensphorus. Since, however, in the 
middle region of the secondary strobila there is an actual corres- 
_ pondance between the external and the internal segments, it is 
| Guite probable that the external segmentation is much older than 
| Might at first appear, while the ligulate condition of the poster- 


ior end may have developed secondarily. Andie must remember, 


too, in this connection that, according to Luehe (1898 : 285) ie 


gula has descended from fully segmented bothriocephalids. 

As regards the remaining characters of the subfamily the 
Writer met with not a few difficulties on account of the fact that 
Mp to the present there is only one genus and one species known. 
Those given are consequently based on a comparison of the species 
With the neighboring subfamilies and in particular with the Diphyl- 
depothnriinae to which it is most closely related. It differs from 
the Diphyllobothriinae, however, in that the genital organs are 
simple in each proglottis; the vitelline follicles are medullary; 
the tests are within the nerve trunks; the seminallvesicle is not 
strongly muscular; the cirrus is armed with minute spines; the 
receptaculum seminis is medium sized; while the uterus is divided 


into uterine duct and uterus-sac as in the Ptychobothriidae. 
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Genus l. Haplobothrium Cooper 1914 e.p. 

Haplobothrium Cooper 1914b : 1-3 

Haplobothrium Cooper 1914b : 115 

Borders of the terminal dise of the secondary scolex and 
©f the posterior auricular appendages of both the scolex and 
anterior segments provided with minute spines which disappear with 
the appendaces farther back. Nervous system consists of two chief 
strands situated in the medullary parenchyma outside of the vitel- 
dine follicles, uniting inthe anterior end of the secondary strobila 
tO form &@ secondary nerve ring, and eight collateral strands, four 
@rranged around each main tract, the latter in the jointed portion 
®t the strobila only, but in the true scolex to form an irregular 
transverse commissure situated among the proboscides. Excretory 
system composed of one large median and slightly dorsal vessel and 
two smaller lateral and ventral, all uniting ra the secondary scolex 
Behind the nerve ring to form a vesicle. No genital cloaca, opening 
of vagina close behind that of cirrus, towards the anterior end of 
the proglottis, that of the uterus much farther back. Sphincter 
Vaginae present. Vitelline glands in numerous follicles arranged 
cylindrically around the testes, both continuous from joint to 
Joint, leaving clear areas opposite the central genital ducts; large 
vitelline reservoir. Vas deferens provided with a sperm-reservoir 
at its posterior end near the middle of the proglottis; whole 
course of the duct dorsal to the uterus-sac. Uterus-sac when gra- 


vid occupies the whole of the middle of the proglottis. 


Type species: H. globuliforme Cooper 
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The characters here given are in reality those of major 
| importance in the species left after what are considered by the 
| Writer to be subfamily characters are removed. The difficultics 
in defining the genus are great owing to the facts that it stands 
alone in the subfamily, contains only one species and is, further- 


more, g8@ aberrant in many respects. 


Haplobothrium globuliforme Cooper 1914. 
eget O "1". 
1914 Haplobothrium globuliforme Cooper 191l4a : 2 


1914 Haplobothrium globuliforme Cooper 1914b : 115. 


Specific diagnosis: With the characters of the genus. 
small worms, primary strobila up to 70mm. in length, secondary 
to 110mm., with respective maximum breadths of 0.3 and 0.6mm. 
Primary scolex 0.35mm. in diameter, indefinite in length, bulbs 
0.40-0.45 x 0.06 x 0.07mm.; secondary scolex, 0.4-0.5 x 0.25-0.4mm. 
Auricular appendages disappear at about the 25th segment in normal 
secondary strobilas. Foremost secondary segments tetragonal, 
middle and posterior much elongated and considerably depressed. 

Cuticula 3-4y in thickness, subcuticula 25p. Chief 

| nerve strands 18m in diameter, narrowing intersegmentally. 

Minal excretory vesicle 20-40q in diameter. 

Genital organs begin at about the 15th proglottis. Open- 
ings of cirrus and vagina 0.02-0.07mm. apart. 

Testes spherical to ellipsoidal in shape, 70-115 je in 
maximum length; 80 in each segment. . Vas deferens median, elonga- 


ted, only slightly coiled, 10-55q in diameter. Vesicula seminalis 


| broadly spindle-shaped, 140 x 904. Cirrus 20-30 in diameter; 
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) cirrue-sac, 0.16-0.21 x 0.14-0.16 x 0.18-0.20mn. 


Vagina 20-30% in diameter at its opening, 56m in its 


| enlarged distal portion. Receptaculum seminis 350-45, in diameter, 


spermiduct 5-10, and very muscular. Ovary hipporepi form, the 
dimbs being directed posteriorly and often fused with each other, 

_ the isthmus narrow. Ova from latter 10-124 in diameter, their 
mucleu, 7p. Oocapt 15 to 25 in diameter, oviduct 8-15». Two 
wameiaine ducts, cach 6p in diameter; vitelline reservoir 35 to 
55y ; follicles spherical to ellipsoidal in shape 8-50 in diame- 
ter, very numerous and closely crowded. Ootype 20» in diameter; 
shell-glend irregular in shape, poorly developed. Uterine duct 
enlarged proximally with few coils, smaller distally and more 
Coiled, median, 25 to 55» in diameter; uterus-sac clongated, 
filling most of the medulla when granid; uterus opening a small 

| median elongated slit, situated near the posterior end of the sac. 


Habitat: In the intestine of the host. 


Host Locality Collector Authority 
Amia calva Go-Home Bay Cooper Cooper, 1914b : 81 
(type host) Muskoka, Ontario 
x x Havana, Illinois Bi. Cooper 
(the present paper) 
‘ " Fairport, Iowa x 
Type specimen: No. 33.1 in the writer's collection. 


Co-types : Nos. 33.2 and 33.3 of the same, and in 


the Coli. Univ. .T11.. 
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In a preliminary paper on the systematic position of this 
species the writer (1914a: 1) described the scolex as " ... un- 
| armed, although the edges of the terminal disc and auricular appen- 
| dages of both scolex and anterior proglottides are provided with 
very minute spines. Bothria, two shallow depressions on the dorsal 
, and ventral surfaces, very simple in structure," and in the 
| detailed description which followed (1914b) the organ was dealt 
| with (p. 82) as follows: "The scolex is quite small, simple exter- 
"mally and’with the unaided eye can scarcely be distinguished from 
the first joints. It is shaped roughly like a rectangular solid, 
hollowed out laterally to form simple depressions and dorsoven- 
' trally the shallow bothria or organ of attachment. The summit is 
| somewhat prolonged as a low pyramidally-shaped disc, quite com- 
parable to that ("Scheitelplatte") found in the members of the 
| subfamily Triaenophorinae Luehe 1899 ... The opposite end of 
scolex is modified to form two pairs of auricular appendages 
closely resembling internally as well as externally those of the 


_ foremost joints." Furthermore in both papers it was emphasized 


| that the scolex differs little in structure apart from the nervous 


| and excretory systems from the first segments and that the simple 

| bothria, whence the generic name, seem of little functional impor- 
1 tance as compared to those of other species, while the auricular 

| appendages of both scolex and foremost joints with their borders of 
| minute cuticular spines probably act as accessory organs of attach- 
}} ment. 


Since then the latter view has been rendered still more 
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| the living worms in their relation to the wall of the host's intes-_ 
| tine, by the discovery that the so-called scolex (Fies. 13 and 14) 

} is not in reality the scolex but only a slightly modified anterior 
1 segment, while the functional scolex is something quite different 


from anything present in the whole order, so far as the writer is 


|| aware. 


As shown in Figs. 10, 11 and 12, the scolex consists of the 
Slightly enlarged anterior end of the original plerocercoid or 
larva from which protrude four proboscides, the whole somewhat 
Pesembling a hydra or reminding one of the frypanorhyncha. And, 
as will be presently seen, the latter comparison is a very apt one. 
| Bach proboscis consists of a permanently protruded base or stump, 
indicated in Fig. 11, about 85m in length and 45-55» in diameter, 
somewhat conical in shape and thickly set with minute backwardly 
| directed cuticular spines which pass on to the neighboring portions 
of the end of the larva for a short distance, thru which passes the 
proboscis proper with about the same diameter. The whole forms at 
first sight a continuous tentacle gradually diminishing in size to 
the pointed end. These tentacles attain a length of 0.35mm., in- 
Cluding the base, when fully evaginated atid are directed almost at 
| Tight angles to the longitudinal axis of the larva, their wses being 


| however, turned slichtly forward (Fig. 11). Within the scolex the 


| tentacles are accommodated in elongated cylindrical muscular sacs, 


/ Quite comparable in structure to the bulbs of.the Trypanorhyncha. 
1 These lie freely in the loose parenchymatous tissue in the diagonal 


| diameters of the region. When the proboscides are invaginated, 


| they have a length of 0.45mm: -with a diameter of 0.07, or 0.40 x 


‘reo a Thier sit Re sted Aah 
L i egy eious bel fog -oe ae pat \ 8088! 
vsti them widgets « <i vant xstond. odd 
‘. oohag bu htt smn wt solace Lap Song. r 


-Af #6 aa. Ga.  dabua ofode eee eee 


ro » U6 sa iL Ged + oe opti az 
wOTeE rigige ets To tae to rpeasas 
Lorty mr .ee pice Oost, - 280 etsset¢ 
v2 mrusTy aie io on BOLE Seay at ADE 
rs 2 tL) htodtagye: iwetiel uit . nase ¢lene 


C, 22a0, CPt “sl oriieareg Ate qe tenoe 


Aa 
» 

ay av 
i 
- 


tee “ited! Beaosg ae Bs 130; 
ocris fas og x? be nbiac Ge dae. gust Liye sels 
fy Fil Pod o, ATS piais Seo? avral ad? | 
lstaQssh steqedt tieds ditty negaeee 

ides bets ¢: Feubetig ets witht auann tines a te 
Bie Se) RASPES O98 ptsiadnet ae ost ; 
befostee, ete bap ie Lyisanve as ee, ste kiov ad 
coh) vied: yeveed! emp My tng Saakbivrt boat. sig dt 
idoe ode aber shite aes Wierrco ektsoreee 
teieceny - Leo brig btea, bitienan te, zt, bat shoungoes 
CALM OIR TT Sets He ORL ame at? omntquaite mh 
ae th snes i suee he » vod ewreueniieliate sack oddvinh 4h 
, oben tgaval wks ead tosddonsiindl ate aaa des 
© OF.0° 28. 310.048 zm thf date tase top 


‘Ss ere Pye 
vans 


aT ye “ = ~~ - mcs a pi oa 


| 0.06mm. when the tentacles are protruded. The walls of the 


} bulb (Fig. 17) are composed to two thick layers of muscles, an 


Outer longitudinal or somewhat oblique, much the heavier of the 


1 two, and an inner circular lined, lined with a cuticula-like 


, tayer; on the inner border of which numerous flattened nuclei 

| appear. The walls are attached to the edge of the stump, and 
these layers have the same relative arrangement as that of the 
Cuticula and cuticular muscles on the outside of the body, only 

| being in the reverse order. Continuous also with the edge of the 
stump are the walls of the proboscis proper, which consist of a 
thin external layer of cuticula and only feeble cuticular muscles. 
Attached to the walls internally thruout its course are the retrac- 
tor muscles of the proboscis which pass backward and become at- 
tached to the posterior end of the bulb. These can be seen best 

| in longitudinal sections where the proboscis is retracted, for 

| then they are closely crowded and much thicker, and their attach- 
ment to the inner end of the proboscis is shown nicely. In the 

1 retracted condition the latter i¢, of course, hollow, the narrow 
cavity, often triradiate in transection (Fig. 17), being easily 
followed into the bulb for about one-third of its length. Closely 
applied to the cuticula of the tip of the proboscis appear in some 
casé¢s gland-like cells taking the counterstain quite like those 
behind the bulbs to be described below. They are shown in Fig. 17. 


Apart from the structures already described, the contents of the 


} bulbs and consequently of the proboscides to a certain extent, 


| consists of a small amount of loose parenchymatous tissue, and what 


| is evidently a good deal of nervous tissue coming into the posterior 
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end of the organ (vide infra). 


Evagination of the proboscides is obviously brought: about 
| by the contraction of the muscles in the walls of the bulbs, but 
| the body wall in the vicinity of the latter probably greatly 
I) assists, since its muscolature is well developed. Some distance 
behind the SP eicbkes ends of the bulbs the latter consists of a 
ring-like layer of loosely arranged main longitudinal fibres 
Occupying the middle one-third of the radius of the nearly circular 
cross-section, no transverse fibres, but comparatively strong 
Cuticular muscles, of which the inner longitudinal layer is the more 
pronounced. Farther forward this main longitudinal group gradually 
gives off small fibres towards the cuticula as they themselves 
diminish in number and size, until at the level of the hinder ends 
Of the bulbs only a few of the latter fibres are left just beneath 
the subcuticula, while the outer series has formed a compact layer 
situated close to the longitudinal cuticular fibres (and hence 
outside of the subcuticular nuclei) but separated from them by a 
thin stratum of circular fibres. And this continues to the tip of 
the scolex, most of the remaining inner longitudinal muscles being 
located at the ends of the transverse and dorsoventral diameters of 
the transection. av In region of the bulbs the body wall is 
thus quite muscular, and in all probability assists the bulbs in 
evaginating the proboscides by compressing the whole of the paren- 
chyma surrounding them. Between the bulbs and right beneath the 


tipof the scolex a few transverse and sagittal fibres are to be 


| found, while just beneath the bases of the stumps of the proboscides 


| the outer longitudinal muscles unite with the longitudinal cuticular 
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fibres in formog -~ -shaped loops surrounding the diagonal quadrants 


of the scolex which accommodate the bulbs. These loops are evi- 
dently for the control of the direction of the proboscis stumps. 


In working up the original description of this species the 


| writer was at a loss to see how the formation of proglottides 


could take place continuously since there was considerable evidence 
to show that only a limited and more or less definite number of 
segments were present. Concerning the anterior and externally 
segmented region of the strobila he said: "In many chains this 
region of the strobila is subject to considerable variation. It 
was observed that now and then one of the longest proglottides 

was provided with one or two additional pairs of appendages, 
generally abortive and situated anteriorly some distance apart. 

In a few cases staining and clearing brought out a distinct divi- 
sion of the parenchyma, especially posteriorly, in to what secms 
to be the beginnings of a division of the longer proglo$étis into 
several smaller ones. Furthermore in one strobila an undivided 
region was intercalated between two jointed regions, the second of 
which was followed by the normal posterior end. Young scolices 
are shown in Figs. 5 and 6. (In this connection note evidence 
given below under the excretory system that the latter are incom- 
plete). Although the foregoing facts point to possibly occasional 
augmentation in the number of proglottides in this region in adult 
worms, the usual appearances are as described below." And further 
it was noted that not only do the auricular appendages of the 
posterior ends of the proglottides disappear at about the same 
place, namely at about the 23rd or 24th segment, but that "there is 
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a more or less definite point in the strobila, at or about the 
15th proglottis, ahead of which the genital organs do not seem to 
develop and behind which in older strobilas they appear very 
quickly." Both of these facts pointed in the opinion of the 


| writer to a more or less definite and predetermined number of seg- 


ments. Now the matter is cleared up considerably by the discovery 
that segmentation in this species is carried on after an entirely 
novel plan, involving the formation not only of new segments but 
whole chains of them or, in fact, strobilas from the original 
darval or primary strobila, as the writer will cali it. 

The original larva (Fig. 10), quite comparable to the 
bothriocephalid Pierecercoid, excepting for the perculiar scolex, 
gradually elongates with growth, until between a length of 4 and 
comm. the first traces of segmentation aprear in the hinder ends of 
cleared specimens as feeble aggregations of nuclei forming faint 
dark lines at regular intervals. In one specimen 4.8mm. in 
length five of these could be made out by close scrutiny, the 
second last of whi cilwas 0.37mm. in length by 0.20 in diameter, the 
last one being slightly larger and rounded posteriorly. These 
primary segments elongate with the crowth of the strobila while 
the constrictions between them gradually deepen as their anterior 
@nd posterior ends enlarge slightly, the former relatively faster 
than the latter. When a total length of strobila of about 10mm. 
is reached the hindermost segment, itself now about 1.5mm. in 
| length, begins to show faint transverse lines in its anterior end, 
decreasing in intensity from ahead backwards. These are the 


earliest traces of the divisions of the primary segments into the 
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secondary seements or definitive joints of the anterior ends of the 


adult strobilas. In other words the original or primary larva, 


we pLerocercoid or strobila divides up into secondary strobilas which 


6ventually separate from each other and grow into the adult chains 
as described for the species. But long before separation takes 
Place the entire development of the anterior segments with their 
Characteristic posterior auricular appendages and the formation in 
Particular of the first segment can be followed with a considerable 
degree of satisfaction in these primary strobilas (Fig. 12). 
Whereas the writer originally (1914b : 32, figs. 5 and 6, Pl. V) 
drew attention to young scolices with only 5 to 8 segments, he 
found in connection with the present study that the latter number, 
about 8 in external view or 16 or 17 in cleared specimens, is that 
developed by the secondary strobilas before detachment from the 
Original chain. The smaller strobilas are now looked upon as having 
been prematurely and accidentally separated from the posterior end 
of the original or primary strobila. The attachment soon becomes 
very slight owing to the rapid deepening of the construction ahead 
of the first segment, and some time before the auricular appendages 
of the latter are fully delimited posteriorly, very little manipula- 
tion of even alcoholic specimens, let alone cleaned ones, suffices 
tO break up the chain. The writer, however, succeeded in finding in 
the material at hand one primary strobila, 88mm. in length, showing 
twenty secondary strobilas including the undifferentiated anterior 
segments from which they are developed. Furthremore, the last two 
of these, 10.4 and 11.5mm. in leneth, showed in their posterior un- 
segmented portions the earliest traces of the rudiments of the re- 


productive organs. As has been already 
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intimated, the anterior segments form within the secondary or 


definitive strobilas by a gradual demarcation from ahead backwards, 
first internally in the parenchyma, actually as transverse layers 
of nuclei (Fig. 12) which will eventually form the posterior auri- 
Gudate appendages, and then externally as shown in the figure. 

A continued search for evidence in connection with the 
question of whether or not there is a definite number of segments, 
external and genital combined, brought out further interesting 
facts. The number was counted in several young strobilas evi- 

| dently not long separated from the primary strobila with the 
eilowing results in the case of four typical specimens: (1) 
Length, 19mm., number of segments, 45; (2) 37mm., 39 or 30; (3) 
26.5mm., 30 (the posterior ones here ripe as in the next specimen); 
| (4) 4imm., 32 segments. It would seem from these data that there 
ig @ more or less definite number of segments, which might be con- 
sidered to be about 30). But in No. 3, segments 9, 10, and 11 


were much elongated and show the earliest traces of further sub- 


) division; while in No. 4 segments 10, 11 and 12 are likewise elong- 


ated and show not only simiiar traces of subdivision but particu- 
larly in the llth early stages in the same formation of secondary 
strobilas as described above for the primary strobila in its 

1 posterior end! Similar elongated segments in other strobilas 
show this condition near their middles instead of posteriorly; so 
that here we have a tertiary subdivision which must be considered 
as by no means as regular as the secondary subdivision of the 


Original primary segments. These facts explain, then, the aberrant 


} nature of the strobila in this region, noted formerly by the writer 
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| (vide supra), and the presence in material of chaims showing 
| anteriorly very young segments similar to those formed in the 


| Oldest attached secondary strobilas but posteriorly much older 


segments with well developed auricles and farther back the typical 
Mature proglottides of the ordinary strobila. Conseauently we 
Must consider that there is not a definite number of segments 
formed but that further, irregular and evidently indefinite sub- 
division, resulting in the formation of an inconstant number, 
takes place chiefly in the middle portion of the anterior segmen- 
ted region of what now must be called the secondary strobila. 


As to where all of this development takes place the 


| writer has not come to any definite conelusions, knowing as yet 


practically nothing of the life-history of the species, for, 


| altho all stages may be found in the intestines of Amia calva, 


some of it may take place in the intermediate host. In a few cas- 


| €s primary strobilas showing three or more well developed secondary 


strobilas were found tightly coiled and surrounded by material 
Which may have been from the intermediate host, whatever that is. 


At any rate it was of too firm a consistency to be merely coagulated 


| mucQus from the host's intestine. 


On the other hand, this method of segmentation will now 


i) explain some facts in connection with the nervous and excretory 


i) systems that were previously considered very unique,to say the 


1 least. 


In primary strobilas, even the youngest (Fig. 10) the 


i] excretory system consists, as in the adult, of a larger median 


| vessel and two lateral vessels which run backward and unite in 
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| the posterior end to form a plexus from which very many small 
vessels pass to the exterior by prominent foramina secondaria 
piercing the cuticula, much as described by Fraipont (1881 : 11, 

, Fig. 7, Pl. II) for Bothriocephalus scorpii. In the youngest 
darva, that shown in Fig. 10, only the median vessel, which be- 
@omes greatly reduced in diameter about twice the length of the 
Dulbs from the anterior end, is present in the scolex. It forms a 
Simple plexus among the bulbs anteriorly. In primary strobilas, 
however, in which segmentation has gotten well under way, all three 
| vessels are quite prominent even in good toto preparations, and 
pass close to each other as well as to the chief nerve strands, 
through the constrictions between the developing secondary strobi- 
las, where the median vessel is somewhat enlarged. As they near the 
anterior end of the worm they give off numerous branches of their 
| own calibre, and when they meet the large ganglionic masses, 
described below, diverge as four vessels (two on each side) and 
continue lateral to the bulbs to the tip of the scolex. Here, 
after forming an open plexus among the anterior ends of the former, 
they unite in a single median frontal loop. As the constrictions 
between the secondary strobilas deepen all three vessels likewise 
| become gradually constricted until eventually they are cut off, 

| and the adult conditions are subsequently developed by a process 

of turning in of both severed ends. And since the median vessel 
was considerably enlarged at the region of constriction, it remains 
\ thus in the hinder end of the adult strobila, as well as in the 


| first segment (former scolex) as described and figured elsewhere 


| by the writer (1914b : 93-95, Figs. 12, 37), while in the latter 
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| it is joined by the lateral vessels to form the characteristic 

terminal vesicle. 

| The nervJous system of the primary strobila consists of the 

y two chief nerve strands passing thruout the segments, a quite 
irregular commissure connecting them anteriorly, and a very large 


| ganglionic mass, situated some distance posterior to the proboscis 


| bulbs. The chief nerve strands, which the quite indistinct at 


| different levels but constantly located in the median frontal 

‘| Plane, diverge as they meet the ganglionic mass in passing forward, 
| and consequently opposite the bulbs come to lie close to the sub- 
Guticula laterally (Fig. 15). About 0.2mm. from the tip of the 
BScolex they are united by a very irregular but comparatively large 
transverse commissuee,from which large trunks pass to the neighbor- 


ing bulbs both forward and backward. This commissure was found 


|| to be present wholly or in part in about 12 sections of an 8m 


transverse series, hence its length or longitudinal diameter is 

about 0.10mm., while its maximum depth between the lateral pairs of 
‘proboscides is about 40.» . Large branches are given off anteriad 

| to the lateral walls of the bulbs and caudad to the central walls. 

in the latter case a large btanch was found to leave the median 

| portion of the commissure, which is incidentally freely pierced 

} with excretory vessels, on each surface and shortly divide. into 

two, each supplying the central walls of one of the frontal pairs 

| of bulbs dorsally or ventrally (Fig. 15). The anterior branches 

likewise arise in a common trunk on each side, which is in reality 


the continuation of the lateral ganglionic enlargements of the 


| commissure, but they supply the outside wall of the lateral pairs 
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| of bulbs. Imbedded in the commissure were seen numerous nuclei 
| which, on account of their larger size than the neighboring paren- 


| Ghymatous nuclei, were interpreted as ganglionic or nervous in 


their nature. Numerous among the posterior ends of the bulbs and 


| extending far from 0.8 to 0.9mm. backward beyond them (Fig. 11) 


Mere is present a large mass of large nucleated celis which in 
transverse sections (Fig. 16) are seen to occupy the whole of the 
meduglla(and about the whole of the section) excepting for the ex- 
cretory vessels. These cells are roughly spherical in shape and 
have a maximum diameter of 25, their nuclei being 5p. On 
account of their finely granular consistency and their taking the 
orange-§. counterstain quite as does the anterior nerve commissure 
they were interpreted as being pede waned cells. And this view 
Was supported on closer study by the discovery that they are not 


Only united laterally with the chief nerve strands (Fig. 16), 


| which can scarcely be distinguished from them at various levels, 


but with each other thru a complicated plexus of fine longitudinal 


strands which pass forward towards the bulbs and form around their 


| bases an almost solid mass of fibrils (Fig. 11). From this mass 


large strands from 10 to oe in diameter pass into the bases of 


the bulbs, one for each, and are distributed among the retractor 


| muscles of the proboscis which they evidently supply. In the 


youngest primary strobilas, but not in the older ones, this mass 


| of fibrils at the bases of the bulbs evidently connects forwards 


by a few strands with the commissure. 
Just as the definitive form of the anterior and posterior 


ends of the excretory system is explained by the separation of the 
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secondary strobilas and the subsequent healing over of the cut 
ends, so is that of the nervious system, particularly anteriorly. 
In the original description the writer (1914b : 93) said that: 
"The nervoous system consists of a nerve-ring situated immediately 
| beneath the tip of the scolex and covering the median excretory 
vesicle like a cap, and the two chief nerve strands passing back 
from it through the whole of the sttrobila. The former is a com- 
paratively weakly developed structure (Fig. 11), elliptical in 
transverse section, with diameters of 60 and 40» ." As was shown 
in Fig. 11, the nerve-ring is drawn out forward into a point ¥ 
is directly opposite a small conical pit in the tip of the "scolex", 
facts which formerly seemed rather strange to the writer in com- 
parison with conditions in other bothriocephalids. Now they, as 
well as the relatively small size of the nerve-ring, are explained 
by the contraction of the free end of the "scolex" after separation 
and the growing together of the ends of the nerve strands with 
subsequent differentiation into the nerve-ring. The close associa- 
tion of the nerve-ring aA the terminal excretory vesicle is also 
guite comprehensible in the light of this method of development, 
for, since the nerve strands are situated close outside the lateral 
excretory vessels at the constrictions, they simply turn in towards 


the median line and unite immediately ahead of the junction of the 


| latter with the median vessel. 


As will be gathered from the foregoing description there 
is a most remarkable resemblance between the scolex of H. globuli- 
forme and that of the Trypanorhyncha not only in the structure of 


the proboscides but also in the presence of the large mass of 
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ganglion cells associated with them posteriorly. Fach proboscis 


' Consists of three parts: (1) a hollow tentacle, capable of evagina- 


1 tion, (2) a short, permanently protruded stump, armed with thickly 


| set minute cuticular spines, and (3) a comparatively elongated bulb; 
_ of which (1) and (3) may be comp@red respectively with the proboscis 
and the bulb of Tetrarhy,chus or Rhynchobothrius. The proboscis, 
altho not provided with any kind of armature, is nevertheless 
Supplied with a group of well developed retractor muscles which is 
6vidently analogous in function to the single retractor muscle of 
the Trypanorhyncha. The bulb is not only provided with a muscula- 
ture arranged so as to dminish on contraction the volume of the 

i Organ but is also lined with an epithelium tiie layer comparable to 
| that of the members of the latter group. But since the bulb extends 
to the point of exit of the proboscis, there is no part strictly 
| analogous to the proboscis -- sheath of Tetrarhynchus, altho the 
stump would at first sight seem to be such. Furthermore, the cells 
forming the large mass behind the bulbs in Haplobothrium, which are 
Mere interpreted as ganglionic celis, bear not a little resemblance 
to those described by Braun (1896 : 1294) after Pintner (1880), 
|] Lang (1881) and Niemiec (1888.) as associated with the bulbs of 

| Tetrarhynchus longicollis (v. Ben) (= Dibothriorhy,chus ruficollis 
| Monticelli) and considered by some to be anplion cells and by 


|| others myoblasts. The distribution of the large nerve trunks 


| arising from the nerve commissure is also somewhat suggestive of 


| conditions in a few of the tetrarhynchids (cf. Braun; 1896 : 1293- 
}| 94). 


While the writer is not prepared to go further into this 
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comparison he would like to emphasize the significance of the 


layers composing the walls of the bulbs in H. globuliforme in 


eonnection with the possible origin, of these most aberrant struc- 


tures. In discussing the homologies of the proboscides of the 

Trypanorhyncha Benham in Lankester's "Treatise on Zodlogy" (p. 137) 
said that, "It appears more probable (Pintner) that each proboscis 
Has been developed by the deepening and modification of an ‘'acces- 


sory sucker’ of some Tetraphyllidean, as its relation to the 


bothridia, and its mode of development, closely agree with these 


Sexuctwures. Functionally, too, it is a perfection of the armature 
plus the accessory sucker of three forms [Acanthocephala, Nemertini 
and Taenioids]; whilst there is no doubt that the 'phyllidea' of 
tae two orders are identical." The fact that here the walls of 
the bulb, since they are composed of an outer layer of longitudinal 
Muscles, a middle layer of circular fibres and an inner cuticular 
layer, are not only quite comparable but directly continuous with 
the cuticula and cuticular muscles of the body wall and in the 
reverse order, would seem to lend support fe Wi akner fe view. For 
simple invagination of the external layers of the body wall in 
development would account for these structures, while the proboscis 
with its retractor muscles might well be formed by the modification 
Of the external layers of an "accessory sucker". The writer has, 
however, no facts to support this theory since in the earliest 
primary strobilas or plerocercoids met with the proboscides were 


already well developed. 
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Subfamily 3. CYATHOCEPHALINAE Euehe, 1899, e.p. 


Scolex unarmed, not longer than broad, with two surficial 
sucking grooves, more or less fused with ondanother or one terminal 
Ome of a sucker-like structure. External segmentation little ex- 
pressed or guite absent. Genital organs in each segment simple. 


Genital openings surficial median. Vagina and uterus open into a 


common vestibule, -- in young proglottides near ondanother, -- 


lying behind the male opening and similar to the genital atrium of 
other cestodes, which may be surrounded by a sphincter like muscu- 
dature. The genital openings of the differant segments do not open 
On the same surface of the worm, but alternate irregularly, being 
sometimes on the one surface and sometimes on the other. Uterus 
a coiled canal without uterus-sac. 

sexually mature in the intestines of fishes. 


Type genus: Cyathocephalus Kessler 


The above is Luehe's (1910 : 22) diagnosis modified to 
read "may be surrounded, etc." instead of "is surrounded, etc." 
in connection with the genital sphincter, since inthe species 


described below no such structure was found. 


Genus 1. Cyathocephalus Kessler, 1868. 


Taenia (part) Pallas “2781.5 40. 
Taenia (part.) Botsch ab de | ST ec re 0 
Echinorhychus (part.) Zeder 1803.3, 201. 
Cephalocotyleum Diesing L650 3.617. 


Cathocephalus Kessler 1868 : 135 
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Githocephalus 


Monehothriun 
Acrobothriun Olsson 
Cyathocephalus Zschokke 
x | Loennberg 
2 Kraemer 
= Olsson 
: Luehe 
Braun 
Luehe 


Luehe Lgre -* 


Generic diagnosis: Scolex a single, undivided terminal 
Sucking organ, which in its form and structure no longer shows an 
Origin from two fused surficial bothria. External segmentation 
| Only slightly indicated. Sphincter surrounding the female genital 
Gloaca apparently little developed. 

Occurrence: In Teleosts. 


Type species: Cyathocephalus truncatus (Pallas, 1781) 


Cyathocephalus americanus sp.nov. 
(Figs. 18 —272,) 
? 1897 Cyathocephalus truncatus Linton, 1897 : 428-29. 
Specific diagnosis: With the characters of the genus. 


small cestodes, up to a length of at least llmm. with a maximum 


| Breadth of 1.lmm. Scolex funnel-shaped, 0.3-0.5mm. long and 0.5- 


| 0.7? broad, with revolute efges. Neck 1.0-1.8mm. in length. Seg- 


|| ments twice as broad as long, terminal one rounded. 
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Cuticula 54 in thickness, with no hooks nor spines; 
subcuticula 25 to 40, 

10 to 13 sets of genitalia, beginning 1.5 to 2.0mm. from 
the anterior end. Strong tendency for the reproductive apertures 
Go iie all on one surface of the strobila. Vaginaopens behind 
uterus. Neither papillae nor sphincters around the genital 
openings. 

Testes in two laterial fields in the medulla of the an- 
terior portion of the proglottis, SOw in diameter. Coiled vas 
@efeérens anterodorsal to cirrus-sac; no seminal vesicle before 
~ entering cirrus-sac nor connective tissue sack surrounding the 
Mnose duct. Protruded cirrus 0.2mm. in length by 0.14 in diameter 
at base. Cirrus-sac ovoid in shape 0.20-0.23mm. in length by 
0.17 in diameter; no ers connecting it with the dorsal body 
wall; large mass of glandular pigmented cells surrounding it 
dorsally and laterally. 

Vagina 15¥ in diameter; no sheath near its opening; re- 
ceptaculum seminis 75 - Spermiduct very short and narrow, 25 and 
om respectively. Ovary tubulolobular, fan-shaped; wings extending 
dorsally and laterally around the ventral genital ducts; isthmus 
| prominent, 0.18 x 0.10mm.; ova in same 13-15¢ in diameter. Oo- 
| capt 254 in diameter. Vitelline follicles continuous from pro- 
| glottis to proglottis, forming a layer 70 thick in the cortical 
}} parenchyma, 30 to 35 p in transections. Shell-gland dorsal, 


voluminous. No muscular sack surrounding the uterine rosette. 


Eggs, 40 x SO wm. 


Habitat: In stomach, pyloric coeca and intestine of the 
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Host Locality Collector Authority 


Coregonus clupeiformis Outer Id., J. W. Milner Linton, 1897b : 
L Superior 429. 


Off Giant's Cooper Cooper, (the 
Tomb Id., present paper}. 
Georgian Bay 
meme oepeeimen’: No. l65A, C. A: R. C. 
Co-nype  Peho y165B, °C. UsiTll. 
Type locality : Georgian Bay, Lake Huron, off Giant's 
Tomb Island. 

Altho the species described here is closely related to 
C. truncatus of Europe and evidently the same form was reported 
as such by Linton (1897 : 428) from the same host in which it was 
found by the writer, it presents so many differences, even barring 
gome probable errors by Kraemer (1893), from that species that it 
is here considered to be new. 

As shown in the appended table where the largest specimens 
at hand are dealt with, this species is considerably smaller than 
the European species which ranges from 6 to 40mm. in length by 
1.5-4 in width. Linton gave these measurements as 7 and 1.2mm. 

The general shape of the body, however, is the same as are 
the proportions of the scolex and proglottides. The border of the 
infundilobiform scolex (Fig. 18) is thickened and almost constantly 
rolled backward somewhat as in the figures given by Zschokke 


(1884a, Fig. 9) and Kraemer (1893, Fig. 5), the funnel being about 


}]} 0.22um. in depth and usually filled with a plug of mucous membrane 


from the host's alimentary tract. The posterior limits of the 


scolex are difficult to define since the organ gradually narrows 
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down and then as gradually enlarges again to form the neck. The 


} datter was considered to include that portion of the anterior end 
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of the worm between the narrowest region behind the scolex and the 
first vitelline follicles which are situated some distances ahead 
of the first cirrus-sac. The maximum breadth of the strobila is 
Se the posterior end of either the first third or one half. The 
Segments are, as described by various writers for C. truncatus, 
about twice as broad as long, the last one, however, being rounded 
posteriorly and provided with a notch in the middle which accommo- 
@ates the exij}t of the excretory vesicle. They are, furthermore, 
closely united, as pointed out by Linton (1897 : 4289) when he 

Said that, "The bodies of these specimens appear to be unsegmented, 
Or, at least, with only very faint indication of division into 
segments." As a matter of fact numerous transverse wrinkles pre- 
sent in most specimens make it almost impossible without the 
external evidences of the inner genitalia tofiistinguish the limits 
of the proglottides. And in this respect they agree with Go 


truncatus, since Zschokke (1984 : 38) said concerning the segments: 


"Tlg sont solidement fixés les uns aux autres, leurs limites sont 


G@iitficilement visibles." The following table gives the measure- 


ments of four of the largest specimens: 
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Maximum breadth mA it eas 


._ Length of neck 
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Length of scolex 
Number of sets genitalia 
First cirrus from ant. end ; 3 di BcOL 


Remarks Sectioned 


The cuticula is 5 ft in thickness over the scolex as well 
as on the segments and divided into two layers, the outer of which 
is about one-half as thick as the inner and more or less irregular 
in structure. In most places, in fact, it was found partially 
or wholly separated from the inner and more homogeneous layer and 
in such a manner as to present a distinctly wavy appearance. 
However, no such chitinous hooks as described by Kraemer (1892 
10) for thejcuticula of the lateral borders were seen, but the whole 
tissue is freely pierced with numerous foramina secundaria of the 
excretory system which in C. truncatus Kraemer considered to be 
the points of entrance of nutriment. The thickness of the cuti- 

cula, according to the same author, is 19 p » @n outer irregular 

layer being Sp and showing a sort of ecdysis ("Hantungsprocess"). 

This, however, may be simply the separation of the outer layer of 
| the cuticula from the inner as mentioned here, since Hevaid "Diese 
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| dieser Belag nicht findet, dafur eine jyunge homogene Cuticula," 
the latter being then the inner homogeneous layer. At any rate 
it is quite evident that the cuticula of C. truncatus is a much 
thicker tissue than that of the form described here, -- and no 
one else than Kraemer seems to have described it. 


The subcuticula varies in thickness from 25 to 4O0p , being 


| thus quite comparable to that of C. truncatus in which it is 384. 


| The elongated, quite columnar cells of the same were found to be 
Sh in diameter, as were their comparatively large nuclei, the 
respective measurements by Kraemer being 19 and Ou . 

On account of the fact that the material studied was not 
as well fixed as the writer would like to have had it, the paren- 
echyma and likewise the calcareous bodies were quite unsatisfactory 
from an anatomical standpoint. The spaces which were considered 
to have accommodated the latter, before they were dissolved out 
during fixation, -- and in some of them the nuclei of the bodies 
were still visible, -- were in general ellipsoidal to almost a 
spherical in shape and from 13 to B54. in length by 7-18 in width. 
According to Linton they are 10-20 w long, while Zschokke gave 
them as from 8-10» , and Kraemer, 30 x 18a. 

In general the musculature is as described by Kraemer, but 
ail the groups are comparatively weakly developed (Fig. 19), the 
longitudinal layer, for instance, being only 20» in thickness in 
the median line posteriorly and about 60. in the neck region 
(764% in C. truncatus) where the dorsoventral and transverse fibres 
are also much stronger than elsewhere. In the.anterior! part: of 


the neck, particularly immediately behind the scolex, the fibres 


a a arete 


=e 


, = ve stl ey 
Nap rt 7 


a 


’ = 
st g0RH1) OATiTY sta auteb (debt > dota f 
. ts © Z >» ; 


Sovemei7 


vthges &: 1. jonah that edt wend” 
fhe .Q tc lew hums tadd ee ? 
oh fediveosl act sdi-36 tedé mee 
222 S3eterssh cred of) amen reagan | 


fie, efee soiled svotretiae 2a’ <a nee 
, a Gan 
S788 VEG? Sapte . altel 4a? bet ab 


sbicaxiife texeasy fl Beet im wteteted 


~~ 


be, 


wy OS ylao an ted: Penetent met anion 


edt md » OB 2yede bobs ettoarotees, 
bas Lerramsobtel si een g 


Miduoweb betas ailby hype afi cornea 


o> Se 


aot 


oe 
eee A) a 


r = 
ot? ephagtn ts: &1 wattsy aio lege 
fil Sjteotemt .) te tadt of sigeide 


iv 20 uffee tanmuloo of fae 


ceivetean «dt dds 05). ed% To Jnwesomin 


= 


‘iy etoeqeisd? .tefodbasgte Lanlac 
; ; : : —<—Zz 


a 


pun Sit mend Toxeome al has -- noth 


figte! Ad gee ost | nf agat bas bqada: at 


at se 
Lom ~ ani é a @- ol wa yad?r riot at of 


+ 
ve 


- QO x O82 Thema ‘bos , qOl-$ | 


vlereb yidewr larttins Tacs, eam ad 


La | 
Seis 


oe. ae 


> \ 


4 «ofc otce sat al Y sp esvonte: 


sdf eteloog wads, batted, ye 


er ha 
v : 2 DY ie 
A eae 


of the two latter series are much ptiingss; altho less numerous 

1 than farther back. As they pass the posterior end of the funnel 
they become circularly disposed, longitudinally as well as trans- 
versely, and from there on to the tip of the scolex gradually more 
numerous close around the funnel of the organ, for the control of 

1 which they obviously act as dohetit ctor a: Antagonizing these are 
numerous weaker radial fibres, arranged as in C. catenatus 
Riggenbach (= Diplocotyle Rudolphii Mont. -- Luehe 1902a : 320) 
where they were considered (Riggenbach, 1898 : 629) to be derived 
from the longitudinal muscles with which they are continuous at 
the base of the scolex. Altho they mingle freely, yet quite 
separately, among the latter, the writer is inclined to the same 
view regarding their homologies in 6G. andr Head) since it is quite 
evident that the dorsoventral and transverse fibres, which might 
otherwise be considered to give rise to them become modified to 
form the circular muscles of the scolex. And this view i$ further 
supported by the fact that only a very few of the longitudinal 
muscles of the neck pass for a short distance beyond the bottom 
of the funnel, but most of them are inserted in the latter, thus 
functioning with the radial fibres in enlarging the organ of adhe- 
sion. As pointed out by Riggenbach these radial muscles are 
apparently absent from C. truncatus ; they were not described by 
Kraemer,but the enlargement of the funnel was considered to be 
accomplished by the contraction of the dorsoventral fibres (cf. his 
wes). The outermost layer of circular and longitudinal muscles 


|| in the scolex, which are merely extensions of the cuticular muscles 


| of the neck region, are not nearly so strongly developed here as in 
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1 G. truncatus, so far as the writer can gather from a comparison of 
the material studied with Kraemer's description. There is, however, 
am. the neck region, particularly in its anterior portion, a series 
of outer longitudinal muscles which, while situated in transections 
among the outer clear ends of the subcuticular celis and very close 
1 to the longitudinal cuticular fibres, are nevertheless quite dis- 
tinct from the latter. At the vase of the scolex they pass in- 


Wardly between the cells of the subcuticula and continue farther 


| towards the anterior border of the funnel than do the inner longi- 


tudinal fibres. Posteriorly they diminish considerably in number 
but may readily be seen in the mature proglottides. 

The nerv.ous system is arranged in general as in C. trunca- 
tus, but the longitudinal trunks are only 26m thick by 13 wide 
(0.345mm. according to Kraemer). They are scaszcely enlarged 
anteriorly to form ganglia, as shown in Kraemer's Fig. 5, but are 
Gach divided into two distinct dorsoventral halves which gradually 
diverge as they pass on into the walls of the funnel to form four 
large nerves. No single transverse commissure connecting the main 
trunks behind the cavity of the scolex was seen but rather a number 
of fiwe cross-connections which were not made out satisfactorily. 

On account of the poor preservation of the parenchymatous 
1 ground tissue of the material studied the excretory system was not 
} brought out in sections to the writer's satisfaction. All that can 
| be said in this connection is that there is an inconstant number of 


iongitudinal vessels in transection, evidently more than the six 


| of C. truncatus, which didnot occupy definite positions but an asto- 


mose freely with each other especially in the lateral portions of 
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the medulla. In the scolex these vessels are smaller and the 

' anastomoses are much more numerous, while posteriorly at least 

' two pass into a quite irregularly shaped terminal vesicle, which 
however in the light of Wolf's (1906) finds cannot be considered 
to be a true terminal excretory vesicle. As above stated, 
foramina secundaria are quite numerous in the cuticule. 

The reproductive organs appear quite close behind the neck, 
the vitelline follicles being situated from 1.3 to 2.3mm. from the 
anterior border of the scolex, and the first cirrus-sacs from 1.6 

| to’ 2.2mm. From 10 to 13 sets of genitalia were observed for this 
species. These follow each other closely and are not separated by 
| any septa or other boundaries, the vitelline follicles being, in 
fact, strictly continuous from progiottis to proglottis. The open- 
ings of the cirrus-sacs vary from 0.45 to 0.75mm. apart, but, as 
‘| pointed out by Kraemer, these measurements are of little diagnostic 
| value on account of the different states of contraction. As in 
) GC. truncatus the reproductive openings are all on one surface of 
the proglottis but alternate as a unit irregularly from one surface 
to the other, there being, however, a strong tendency for them to 


lie all on the one face of the strobila. This alternation also 


involves the ovary, the isthmus of which is arbitrarily considered 


to be ventral. It usually lies on the same surface as the repro- 


eae ee ee 


| ductive openings, so that when the latter passes to the opposite 
| surface it moves accordingly. This alternation of the openings 
| has, of course, been known ever since Pallas described Taenia 

i) truncata in 1781, but, so far as the writer is aware, no one has 


} dealt with the relations between the openings and the ovary noted 
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here. Concerning this matter Kraemer said only: "Das Verhalten, 
‘dass die Geschlechtsorgane alternirend dorsal-und ventral nach 
-aussen munden, erinnert in gewisser Beziehung an die alternierende 
mearginalen Geschlechtsoffnungen verschiedener Fisch- und Vogel 
 taenien, und wurde bereits von der ersten Beobachten, Pallas und 
Ditech erkannt, d.h., sie hatten auf beiden Flachen die fortlaufen- 
de Reihe der 'Punkte' wahrgenommen, ohne sie indessen als Aus- 
-miindungen der Sexualorgane zu deuten. Die neveren Beobachter haben 
Sademt2i ch dieses oben beschriebene Verhalten Ubersehen, und geben 
die Geschlechtsoffnungen als ventral gelegen an." But it should 
be mentioned here that whatever is the stimulus which, during the 
Gary early stages. of development of the sets of genitalia from 
| their nuclear rudiments, causes the reversal of the whole proglottis 
4 it would seem to be such at times as to fail to bring about the 
turning Over of all parts of the rudiment. As shown in Fig. 320, 
which is a diagram of a sagittal series of seven proglottides in- 
- eluding the endjone , the cirrus and female cenital cloaca of No. 3° 
_ from the top have gone to the opposite surface while the ovarian 
| isthmus, represented by the solid black disc in each segment, has 
| *Temained on the same surface as those in segments 1, 3 and 4 in 
the immediate neighborhood. Here the stimulus which brought about 
_the unisurficiality of the latter may have influenced the ovarian 
“portion of the common rudiment of No. 3 and caused it to lag behind, 
while the more peripheral rudiments of the cirrus, vagina and distal 
Bportions of the uterus were freer to move. This arrangement of 
‘the parts in the aberrant segment in question naturally caused con- 


siderable departures in the courses of the reproductive ducts from 
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the normal, as were observed. 
The genital openings were found to vary from 75 to 115uU 
apart, but, as pointed out by Kraemer, these data are of very 
little gapecific value. The vagina and uterus open in a common 
"genital senus or cloaca, but unlike conditions in the Buropean 
Digpecies the vagina opens constantly behind the uterus and slightly 
tO one side and not ahead of it. Furthermore, neither papillae 

; Mer sphinoter muscles were found around either or both genital 

Openings in this species. The female genital cloaca, usually 

' situated at the bottom of a depression and often on a low papilla, 
ranges from 30 to 6O0u¥ in depth. In frontal sections it is seen 
to be in the form of a transverse slit about 60u in length, into 
the ends of which the vagina and uterus empty; that is, the vagina 

opens diagonally behind the uterus and usually to the right of it. 

' It is lined by a direct continuation of the cuticula from the sur- 
face of the segment. The general habit of the reproductive organs 
is shown in Fig. 21 of a frontal section of a mature proglottis. 

The testes are situated in the meducllary parenchyma in 

two fields lateral to the cirrus-sac, or more strictly speaking, 
in the lateral portions of the region between the cirrus-sac and 
the ovary of the proglottis ahead, since they extend forward to the 
latter and backward to the anterior ends of the wings of the ovary 


of the segment to which they belong. They are noteworthy on account 


of their clear appearance (Fig. 19), as in C. truncatus, very little 


contents having been seen in all of the sections made. While their 
a shape is usually spherical or somewhat flattened enteroposteriorly 


“according to the condition of contraction of the segment, their 
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Maximum diameter was found to be about SOm . The coils of the 
vas deferens, altogether about 0.30mm. in diameter are accommodated 
in the somewhat confined space dorsal and anterior to the cirrus- 

_ gac, extending to the ovary ahead (Fig. 21). Whereas Kraemer gave 
the diameter of the duct as 0.133mm. or about cight times as much 
as just before it enters the cirrus-sac, it was found to be only 
44 at the most in this species. Furthermore, it was not found 
"to be enlarged to form a seminal vesicle close to the cirrus-sac, as 
shown in Kraemer's Fig. 6 and 13, but to gradually diminish in 
6ize until as it pierces the wall of the latter its diameter is 
Only 10p. #£=WNor is the whole vas deferens enclosed in a connective 
tissue sack, such as described by Kraemer. Within the pouch it 
enlarges considerably to form a thin-walled inner seminal vesicles 
Which is quite conspicuous in sections, situated for the most part 

| nearer the proximal end of the former but often lying alongside the 
cirrus proper. It may attain a diameter of 50p even when empty, 
== in none of the sections made was it found to contain spermatozoa, 
these having been probably extended at the moment of fixation. 

Then follows the cirrus proper which is sharply separated from the 

seminal vesicle, since it protrudes backward into the latter with 

a@ diameter of 10” and for a distance of from 15 to 35. The 

cirri were found protruded in most of the specimens at hand, in 


which case they had a maximum length of 200, diameter at the 


7 base, 120p , and at the tip about 404. The thick cuticula cover- 


ing the organ is decidedly roughened or irregularly "cleft", es- 
pecially towards the tip, but not provided with spines of any kind. 


Incidentally, sections show that the protrusion of the cirrus, on 
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account of its size, results in the eversion of almost the whole 

| of the contents of the sac. The length of the cirrus within the 

| sac is at least 1854, -- it is usually bent once in its proximal 
portion, -- while its diameter varies considerably. The layer of 
parenchymatous and myoblastic nuclei surrounding the cirrus within 
the sack is about 10a jin thickness as compared with Sp in C. 
truncatus. In sections of the extended cirrus most of these 
"muclei appear in the tip of the organ surrounding a good deal of 


| the cuticula which still remains invaginated; but they are in all 


| probability myoblastic as are others farther back along the course 


| of the retractor fibres. In frontal sections the cirrus-sac is 
Circular in outline (Fig. 31) with a maximum diameter of 175 , 
While in transverse and longitudinal sections the depth ranges from 
200 to 230" .» the whole structure being somewhat ovoid in shape 
F With its slightly smaller end directed outwardly. Its wall is 
comparatively thin, ill defined and composed of a somewhat loose 
network of muscular fibres running irregularly obliguely in 

€@l1l1 directions, so that sections cut in any plane show them almost 
circularly arranged. With emission of the cirrus the wall is 
fairly difficult to locate, since its innermost fibres are not 
easily differentiated from the retractors of the cirrus proper 

’ Which bulk: largely in the contents of the sac and since it is not 
provided with any dorsal retractors connecting it with the dorsal 
body wall as described by Kraemer for CG. truncatus. Forming a 
sort of gland closely applied to the wall of that part of the 

| cirrus-sac within the medulla there is to be seen, even in toto 


preparations, a comparatively large mass of large darkly pigmented 
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"polygonal cells (Fig. 21). In frontal sections they lie on each 


"side of the sac, not extending much beyond its anterior and pos- 


terior edges, the whole structure being thus shaped somewhat like 


a saddle. Fach cell is elongate in shape, provided with a well 


@efined wall, prominent tho not éspecially large nucleus, and very 


granular and highly pigmented cytoplasm, the color of the pigment 
being dark brown. Altho they are very closely arranged around the 
wall of the cirrus-pouch and most of them are quite pointed towards 
| the same, their function is pretty much a matter of conjecture, 

| unless perhaps they are the much modified myoblasts of the muscles 
| Of the walls of the pouch, which is suggested by the relations of 


| the inner attenuated ends of some of them with the letter. Wo 


such cells have been described for the European species, so far as 


tne writer is aware; but here it must be emphasized that they are 


| very conspicuous. 
ie 


From its opening which has been dealt. with above the 


vagina proceeds dorsally almost at right angles to the surface of 


the proglottis, and then within the medulla turns backward with a 


few coils to expand into a comparatively enormous receptaculum 


My 


= 


» seminis which on account of its size, can scarcely be distinguished 
| from one of the coils of the uterus unless it is traced out. At 

| the turn in its course it has a diameter of about 154 and is lined 
| with @ continuation of the cuticula of the female genital cloaca, 


5p in thickness and surrounded by a layer of circular muscles. 


As it passes above the ovarian isthmus its cuticular lining gradu- 


; ally diminishes in thickness so that the seminal receptacle is 
| provided with a very thin layer only. While the latter may have a 


diameter of 75u slightly behind the isthmus of the ovary, it 
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narrows down very abruptly to a very small spermiduct, Si in dia- 


meter and about 254. in length before joining the oviduct. In 
‘distinct contract with C. truncatus there is no "connective tissue 
@nd muscular sac" surrounding the beginning of the vagina as de- 

- geribed by Kraemer, but only the usual mass of nucleu most of which 

| are subcuticular in their nature. The ovary (Figs. 19, 21) isa 
tubulolobular organ, the limbs of which extend fanwise laterally 

and dorsally from the ventral isthmus anteriorly as far as the 

) cirrus-sac and dorsally thruout the whole of the medulla, thus 

| Surrounding the central connections of the genital ducts and the 
Coils of the uterus (Fig. 21). The wings in whose irregularly 

) Shaped tubules young ova in various stages of development are to be 
seen, connect with the rounded isthmus by narrow portions quite as 

| described and fisured by Kraemer, altho he evidently erroneously 

| called the isthmus the "oottyp." The latter in Gs uatiedene 
has a width of 0.18mm. by a length of 0.10 as compared with the 

Similar measurements of 0.19 and 0.07mm. in the cases of C. trun- 

| catus. Ova from the isthmus measured from 13 to 15% in diameter, 

their nuclei 7-8 and their nucleioli 4, those of the latter species 

| being 9-12 according to Grimm (1871) and 15. according to 

| Kraemer who gave the diameter of their nuclei as Sp. The oviduct 
“begins with a rather short oocapt (Fig. 22), 26 in diameter, and 

| proceeds for only a comparatively short distance, with a diameter 

| of from 15 to 204% , before being joined by the spermiduct. A 

. little farther dorsally it is met by the vitelline duct which 

comes from the ventral portion of the medulla just ahead of the 


| isthmus where it is formed by the union of a right and left duct as 
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in ¢. truncatus. Thruout its dorsoventral course it is expanded 
With a vitelline reservoir which may reach a diameter of 404, 
lepecially ventrally. Immediately outside of the longitudinal 
“Muscles the vitelline follicles form a compact layer about 70p 
‘in thickness (1538p in C. truncatus), continuous from proglottis to 
“proglottis and broken only immediately around the reproductive 
Openings. In frontal sections where they are cut tranversely their 
greatest diameters being at right angles to the surface of the pro- 
glottis, they range from 30 to 854. since they are usually some- 
What flattened anteroposteriorly. Their number in transverse sec- 
tions baries from 29 to 35, 45 being given oy Kraemer. From its 


"point of origin. to a short distance beyond the entrance of the 


| vitelline duct, the ovident is lined with epithelial celle with 


D prominent nuclei but indistinct boundaries, so that the whole is 
of the nature of a syncitium. But soon this epithelium becomes 
modified so that, as the duct continues with a few coils to the 
meepposite side of the proglottis, its walls are quite thin yet 
Clearly nucleate. Then as it further enlarges dorsally it becomes 
: Surrounded with the voluminous shell-gland which follows the tube 
thru a number of its coils (Figs. 19 and 31) even on to the begin- 
Ming of the uterus, for in frontal sections about one half of the 
posterior half of the uterine rosette is surrounded by them (Fig. 
| @1). The cells composing the gland are comparatively short, stout 
Band well defined, their nuclei large with the nucleoplasm quite 
| clear like the aeecaawak. No shell-gland such as described by 
|} Kraemer was found in this species. Beyond this elongated ootype 


| the duct continues as the uterus proper which has its largest coils, 
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mup to a diameter of 0.10mm. or more when filled with eggs (0.038mm. 
in G. truncatus), just behind the cirrus-sac. Before reaching the 
pening, the position of which has been stated above, the tube 
narrows down quickly. Thruout its course it is lined with a much 
at senuated epithelium, the nuclei of which, however, stand out 
Bihsnentiy towards the lumen. In this species ahate is no mus— 
oular sack surrounding the uterus, as described and figured by 
Kraemer. 

<i The largest eges in the uterus not in a collapsed state, 
‘were found to be ellipsoidal in shape and 40 x 30p in size. Linton 
gave the size when preserved in acetic acid as 50 x 32 3 While the 
‘measurements for C. truncatus have been given as 95 x 76 (Kraemer) 
and 44-51 x 33-36 p (Luehe, 1910). Since most of the eggs seen in 
the uteri of the setions made were quite young, many of them not 
HMaving gone thru the first cleavage as yet, the writer is of the 
Opinion that the size of the egg of this species is probably the 
“Same as that given by Luehe for C. truncatus in Europe. 
Altho, so far as the writer is aware no one has as yet 
“studied the early stages in the development of C. truncatus, Wolf 
(1906) discovered that the intermediate host is Gammarus palex 
‘and that the transfer to the final hosts is a direct one. As re- 
garde C. americanus the writer is unable to name the intermediate 
“host, but he is of the opinion that further work will in all pro- 
bability show that in Pontoporeia hoyi (Stimpson Mss.), at least 
in Georgian Bay where it is found in large numbers as practically 
the only food of Corezonus stuseiternis in which the parasite was 


Leena 


found (vide Huntsman, 1915 : 150). 
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In the above description it has been shown that this species 
‘differs from the well known C. truncatus of Europe in a great many 
points, but in none so radically as the following: The absence 

of chitinous hooks on the cuticulas of the lateral borders; the 
“presence of radial muscles in the Wallis of the scolex and of a 
aunibe r of fine nérve commissures connecting the chief nerve strands 
‘anteriorly instead of a single one; the vagina opening behind the 
“uterus opening; the absence of papillae and sphincter muscles sur- 
rounding the genital openings; no enlargement of the vas deferene:: 
to form a seminal vesicle just before entering the cirrus-pouch; 
no connective tissue sac surrounding the whole of the coiled vas 
deferens; the absence of dorsal retractor muscles of the cirrus-sac, 
and the presence of the peculiar glands closely surrounding the 

/ game; no "connective tissue and muscular sac" surrounding the be- 
ginning ef the vagina; the very different central connections of the 
genital ducts as regards the ovarian isthmus ("ootyp" of Kraemer); 
Rand, lastly, the absence of any such "shell-gland" as described by 
Ethe game author. Consequently the writer considers this the 
American form to be specifically different from the European form 
and proposes the name Cyathocephalus americanus sp.nov. 

a The material studied consisted of v0 lots, Nos. 43 and 165 


of the writer's collection from the stomachs of several specimens 


of Coregonus Clupeiformis (Mitchell) from GeorgianBay, Lake Huron, 


| as listed above. 
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Subfamily 4, MARSIPOMETRINAE subfam.nov. 


Scolex with two typical and fairly deep bothria and a 
terminal disc. External segmentation very distinct and regular. 
‘Opening of cirrus and vagina marginal, irregularly alternating; 
“uterus-opening surficial, ventral, on the same level with the 
genital cloaca or very slightly behind it. Only one set of geni- 
a in each proglottis. Testes in medulla between the nerve 
strands. Muscular vesicula seminalis outside of the cirrus-sac 
absent. eeesteisalun seminis large, sharply separated from the 
Bpermiduct. Ovary not exactly in the median line but slightly 
“approzching the margin bearing the genital cloaca, ventral, as is 
| the shell-giand. Uterus in the form of a sac developed by the 
| enlargement inwardly of that portion of the duct passing thru the 
orti cal parenchyma. Eggs without opercula. 
Type genus : Marsipometra Cooper. 
The above characterization of the subfamily is the result 
| of a comparison of M. hastata with the existing subfamilies of the 
‘Diphyllobothriidae in none of which it could be located. As re- 
egerds the general form of the scolex and the facts that the genital 
Bicaca is marginal and that a vesicula seminalis is absent, it comes 
closest to the Triaenophorinae; otherwise, however, it is related 
to other subfamilies. External segmentation is distinct and very 
‘regular, @ neck being present as in Diphyllobothrium and Bothridium 
of the Diphyllobothriinae. The uterus-opening is on the same level 


with the genital cloaca, and not ahead of it as in the Triaeno- 
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‘phorinae. As in most of the subfamilies there is only one set of 
genitalia in each proglottis. The testes are situated in the 
medulla between the nerve strands as in the Haplobothriinae. Un- 

| like the structure in the Triaenophorinae, the receptaculum seminis 

Pais large and sharply separated from its continuation, the spermi- 
G@uct, which also obtains for the Ligulinae, Haplobothriinae, 
Diphyllobothriinae and Cyathtocephalus. The ovary is comparable 

E ito that of Triaenophorus, Anchistrocephalus and Anonchocephalus 

D(cf. tuehe, 19022 : 325) in that it is not exactly in the mediaa 

F tine but towards the margin bearing the genital cloaca. As in the 

| Triaenophorinae, however, the uterus "nie die sogenannte Rosetten- 
form bildend, vor seiner Miindung meist etwas erweitert, ohne dass 
indessen dicse Erweiterung verhaltnissmassig so betrachtlich ist, 

| Wie die sogenannte UterushShle der meisten Ptychobothriiden." This 

B iatter difference is further emphasized by the fact that at no 

) Stage in its development is the beginning of the uterus, which 

’ Might be considered at first sight to be a true uterine duct, 
sharply separated from the enlarged portion as in the Ptychobothri- 

Ras. which has been discussed above. The outstanding feature that 


| the eggs are nonoperculate has been noted under the remarks on the 


| family. 


Genus Marsipometra gen. nov. 


Generic diagnosis: Scolex unarmed, sagittate. Neck pre- 
gent, strobila flat, ribbon-shaped; proglottides almost rectangular, 
posterior borders only slightly projecting. Nerve strands far 


} towards the margins, dorsal to the cirrus-sac and vagina. Testes 
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Am two lateral fields united ahead of and behind the uterus-sac 
@ndad central genital ducts. Vas deferens much coiled proximally, 
only weakly so close to the cirrus-sac. Receptaculum seminis very 
long. Ovary reniform, wings tubulolobular, isthmus thick. Shell 
Biiand not in the middle of the genital complex but towards the 
@loaca, ahead of the ovary. Vitelline follicles numerous not in 

_ two dateral ficlds but continuous from side to side in the anterior 
and posterior regions of the proglottis, situated among the body 
Muscles. Uterus-sac pouched, accupying the whole of the medulla 
Sdorsoventrally but not transversely. Uterus opening towards the 
margin bearing the genital cloaca. -- APT EIT ov , a little 
"pouch; pyc pr » the uterus. 


Type species : Marsipometra hastata (Linton). 


On account of the fact that there is only one species 
known, the above generic characters have been arrived at by the 

| writer much as in thelcase of Haplobothrium, with, of course, shict 
attention insa comparative way to those of the genera of the Tri- 
Mtovhorinac. The writer would like to call attention at this 
Ppoint to the great similarity between Marsipometra and Haplobo- 
-thrium in that each is found in an isolated genus of fishes, re- 
spectively Polyodon and Amia which in turn are relegatel to iso- 
dated families and orders. As suggested previously by the writer 
(1914a : 4) in dealing with Haplobothrium, the unique and general- 
ized nature of these two genera is doubtless due to the great age 


of their respective hosts. On account of the fact that it has a 


‘typical bothriocephalid scolex Marsipometra would seem to be the 
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{ younger of the two, for evidently a longer period of time must have 
been required for the development of the peculiar trypanorhynchous 
scolex and method of segmentation of Haplobothrium, if, indeed, 


) both are not due to extreme degeneration, comparatively speaking. 


Marsipometra hastata (Linton 
dec: 223 = 30.) 
1897 Dikothrium hastatum Linton 1897 : 431-33. 


1900 Bothriotaenia hastata Ariola 1900 : 440. 


Specific diagnosis: With the characters of the genus. 
| Medium sized cestodes up to a length of i110mm.with a maximum 
| breadth of 3mm. at the middle. Scolex with terminal disc, deep 
bofhria and prominent posterior borders, 1.5-2.8mm. in length, 
| 0.5-1.8mm. in width anteriorly and 1.3-2.0 posteriorly. Subdcyl- 
indrical neck, 0.8-1.5mm. wide. First segments very short and 
wide, middle much broader than long and rectangular in outline, 
posterior ones quadrate to slightly larger than broad. Whole 
strobila much depressed. 
} Cuticula Spin thickness, sudcuticula 40-50. Calcareous 
bodies 18 x 13. Longitudinal musculature weakly developed, 
| that of scolex strong. Nerve strands 15 to 254 in diameter. Four 
| Main excretory vessels in the sttobila. 
Genital cloaca 40-GOp in depth, at the middle of the 
Margin of the proglttis; irregularly alternating; hermaphroditic 


duct present, also sphincter cloacae. Vagina opens immediately 


1 ahead of the cirrus. 


Testes ellipsoidal, 60-90, in diameter, 80 to 120 in 
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number, arranged in a single layer in the medulla and interrupted 


| only centrally. Vas deferens a circular mass of coils, 0.25 to 


©0.30mm. in diameter dorsal to the uterus-sac, or to one side of it. 


| Seminal vesicle within the cirrus-sac, 50 to SO in diameter; 


Cirrus proper slender, 0.20mm. in length, 8-15¢ in diameter. 


| Cirrus-sac elongate, flask-shaped, 0.35mm. in length, 110y in 


maximum diameter. 


| Vagina 15 to 20 in diameter, passes to median line ven- 
trally then dorsal to the uterus. Receptaculum seminis median, 
90 in diameter. Ovary reniform tubulolobular, 0.45um. wide and 


0.18 long; isthmus thick, ventral. Oocapt 40» long and 18 in 


|| diameter. Two ventral vitelline ducts; common vitelline duct 


20 in diameter. Vitelline follicles irregular in shape and size, 


} among the transverse and longitudinal muscles, forming a continuous 


| layer around the progittis excepting for median circular areas 


dorsally and ventrally. Shell-gland small, compact, ventral, 115 x 


(S5p. Uterine duct with only a few dorsoventral coils near the 


| meaaem line. Uterus-sac circular in outline, 1.0mm. in diameter, 
} divided by deep incisions into 5 to 8 pouches, filling up the whole 


| medulla dorsoventrally but not laterlally; openings opposite the 


| genital cloaca or slightly behind its level, in young segments to- 


Wards the margin bearing the genital cloaca, in granmid ones almost 


il 
| in the median line. 


Fegs, 45 x 36 pp » non-operculate. 


Habitat: Intestine of host. 
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Host Locality Collector Authority 
hee 
sohgeen spathula Ohio R., Washing- £&. Linton Linton 1897 : 431. 

“(type host) ton, Pa. 
| ih .. T1l1.R., Beards- H.J. Van- Cooper (the pre- 
y town, Ill. cleave sent eager) 
ie 
ks Ms L. des Allemands, H. B. Ward x 
| Georgia : 


Miss. R., Keokuk, 
Iowa 


Miss. R., Fairport, 
Iowa 


Type specimen : No. 4724, U.S.N.M. Coll. 


Type locality : Ohio River, Washington, Pennsylvania. 


This species was originally described by Linton but with 


30 little attention to the internal anatomy that up to the present 
Pat has remained pretty much a species inquirenda et incerta sedis, 
Has pointed out by Luehe (1899c : 40; 1900a : 106); altho Ariola 

- (1900 : 440-441) placed it in the now obsokte genus Bothriotaenia 

| Railliet. | 


bianton described the color of the living Worms as " ... 

| at first lemon-yellow; after lying inwater for a few minutes the 
| bodies become colorless or faintly bluish translucent, while the 
M@isds. remained yellowish." Regarding their method of attachment 


he said: "Two pits were found excavated in the mucous and sub- 


| mucous layers of the pylorus near the spinal valve, in which the 
, 4 


| heads of a number of Dikothria were inserted." The length of the 


| worm was recorded by the same writer as from 25 to 78mm. while the 


|} Maximum breadth was 3.7mm. As shown in the table below the largest 
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"examined by the writer was one 110mm. in length with a maximum 


) breadth of Smm., which, however, showed the characteristic opaque 


white uterus-sac filled with eggs in only the last eight proglot- 


tides. The scolex (Figs. 23, 24, 29 and 30) and strobila are, as 


@eéscribed by Linton, " ... sagittate (when at rest and contracted), 


) terminated anteriorly with a button shaped tip (the terminal disc] 


which is bluntly rounded in front and marked off from the remainder 


» Or the head by a slight constriction, in life angled posteriorly; 


Spits (bothria) variable in life but usually elliptical, often with 


anterior margin acuminate and sometimes with posterior margin in- 


distinct. The head is angled posteriorly both laterally (sur- 


| ficially] and marginally, presenting a quite characteristic appear- 


} ance in the living worm. Neck subcylindrical, narrower than the 


head. The segments begin some distance (6 or 8mm.) back of the 


head, as faint transverse lines. The first distinct segments are 
closely crowded much broader than long, median segments squarish 


{but still much broader than long), posterior segments usually a 


mdittle longer than broad, rectangular, apparently separating 


| rather easily. --- Posterior angles of the- segments slightly 


| projecting. --.- Ontline of most of the strobilas nearly linear 


' and about the same breadth as the head. All the segments were re- 


mMarkably regular in outline, no irregularities being observed. 


‘While this regularity in the form of the proglottides and in their 


| gradual increase in size anteriorly and change of shape posteriorly 


is especially noteworthy in this species, the writer met with a few 


Gases of intercalated triangular and aberrantly subdivided segments 


in the material studied. It should be emphasized, too, that the 
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‘whole strobila including even the scolex is constantly much flat- 

 tened dorsoventrally, which also assists in giving the worm a 
Quite diagrammatic appearance; and as will be seen below this ex- 
tends to the internal anatomy. The following table zives the 


| measurements of four specimens, together with those by Linton for 


comparison: 

. 4724 4783 16.203.1 154 16.293.2 17.11 
| Length 60mm. 45mm. 76mm. 39mm. 6lmm. 110mm. 
| Length of scolex Seeeesees «(1.480 175 8. 84 2.01 
| Width ee SC«C;CC. COGOSC«i«SSSt«éOd«~CZF; 0.80 
“Depth =" n e415 6.32 0.60 0.42 
| Width at base oe 0 alain es MIRE ais f= 
| Depth noon ot ae ey tie: |=(.98:. Osee 1.10 
| Width of neck zt 0.87 0.88 1.40. 1.52 
| Depth a. Se ae le aie ey ae ee 0.68 
Beneth middle segs. .... 0.35 0.75 0.46 0.80 - Gers 
| Width of same rag UE eas ee ie a 2.44 
| Length post. segs. 1.13 0.55 1.5 0.85 0.90 i o33 
| Width of same soy Ree SI i ae 
| Maximum breadth os ae ea ee Bo 3.0 

| Measured in water alcohol O.W. O.W. Alc. Formol. 


The cuticula, 5p in thickness, consists of two layers of 
€qual thickness, an outer irregular and more darkly staining layer, 
| which is Sloughed off in many places, and an inner, more homogeneous 


}) and lighter stratum between which the outermost portion of the inner 


| layer shows as a dark bounding membrane. Altho only about one half 
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| as thick on the outside of the scolex.and still thinner on the in- 

side of the bothria, it was not found to be modified into minute 
Spanes on the edges of the terminal dise nor hinder end of the 

| scolex where they might be expected. Their absence also on the 

: posterior borders of the proglottides (cf. Haplobothrium globuli- 

| forne) igs not surprising since these protrude only very slightly. 

The subcuticula varies from 40 to 50p in thickness and is made up 

| Of narrow elongated cylindrical cells with small nuclei, the outer 

@nds of which are dendritic and quite separate from each other as 

are the bodies themselves. The meshes of the parenchyma are very 

loose and open, the spaces being large and the strands of the 

| Cytaplasmic framework considerably narower than the small nuclei 

j Which are located as usual at the intersections but surrounded by 

» Only & limited amount of protoplasm. Linton stated that, "The 

| segments contain numerous calcareous bodies, which exhibit a con- 

| eentric structure." In the sections made thdwriter found them 
fairly plentiful in all parts of the medulla and cortex and even 

| among the subcuticular cells, elliptical or oval in outline, the 

| largest having dimensions of 18 x 13». 

The musculature of this species, excepting for that of the 

- gcolex Which is well developed, is comparatively weak, no one series 

| not even the longitudinal, being especially strong, altho all 

. groups are prominent in that they consist of more or less isolated 

| fibres quite diagrammatically arranged. Their conspicuousness is, 

| in fact, amplified by the fine texture of the parenchyma. The 


} frontal or transverse series do not form a compact layer closely 


|) applied to the inside of the longitudinal muscles but, as shown in 
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Pig. 25, a stratum of varying thickness; owing to the degree of 
separation of the fibres, especially laterally. The myoblastic 
mucléi of many of them can be easily seen. The sagittal series are, 
however, quite prominent, equally distributed from border to border 
@f the strobila and show their myoblastic nuclew and surrounding 
Gytoplasm very clearly, reminding one of the dorsoventral muscles 
Or Abothrium rugosum (vide infra). While the fibres of both these 
series are only slightly more numerous opposite the posterior bor- 
@ers of the proglottides, where they form more or less distinct 
Septa, they are very well developed in the neck and anterior seg- 
Ments. The longitudinal muscles form only a single layer of loosely 


@rranged fascicles of irregular size in the middle and posterior 


| sepments, but in the neck they form a much thicker stratum, showing 


le 


| no distinct bundles and occupying the whole of the space between 


{ 
q 


the transverse muscles and the subcuticular nuclei. Altho, as above 


| mentioned, the posterior borders of the proglottides are not very 


f 


5 


prominent, there is a representative series of outer longitudinal 
Muscles, best seen in the middle segments where they are situated 
elose to the longitudinal cuticular fibres with which they are 


Casily confused. Concerning the latter all that need be said is 


that they are well developed and consist of isolated fibres which 
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7 
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ie 
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render the two layers all the more visible. 
The musculature of the scolex is, as might be judged from 


its size and its shape, very powerful. While the longitudinal 


muscles of the neck merely enter the base of the scolex, the trans- 


verse and sagittal fibres are directly continuous with the circular 


| and radial fibres, respectively, of the latter. Here, however, the 


| 
q 
i 


uy ar 


,Tevewesd , Ste “iL fetta Mrs 3 


lo terest edt) eae ccocte tie gabean 36) 
ge GOym ge wlievetel tifsteeneniatad 
Lad? Loam yt eae totes 23 nite 
o of Tebvom ont Sekabingc 26 Vi leapt, 
fo Syn dykes etteaidewp Lradte wos 
(2o anvee@ ee) Gh Be a48 Bertie ime? setnleg 
<0 eset sah Eee aster obey) eee 
teoq ed? athens Stemuewion virdahigs 
6a5. 30 S20@ WIG?) fed? -Biadce sebltto 
--i 9734 aOS 28 Of) of, Geooeisesd fie Knee 
(2. G@igice & ono suo07 aeinepe lanth 
ft.060g She @ihhie afd ne sale cedansesd O 


; . + ae 
Leis Setatds hou 2 aro? yey dese eddie 
ae 


i* 
= 


qe ec? 7o sledw ed SAL YIWODO hae oo fbeaa 


» 


4 ,CO°CA  _Lefowr tktdiithodin Auit boa esing sat 


1 9% esbiivolsoeryg ade dfexabesd 27 lt steow 
er) Peers teloo t¢ asfteu 6 bfuiinse once @ sf st ds 
‘to ot todd evedw Gtanwgsttetihhie exit. mt PCr) 
eta vod¢. donee eongt? natee tebe teutttu? tgaoe 

ike 3d See Guage Lhe ersat sah peteetpo too «29 
LY Sutaloat To teteaye asl Merge tay ob Ls 
‘eld Selby yon nite fis ese yait ve 

czbu, of Nipta es) .en do Looe aa fed ie 
Ls thot inags qt, ofa pisiteowor ote 4 
oc? zealous efec%e mind: odd webae yLox eet: as a 
tin sd? deie aout ttor vetoenly exe) 


radial fibres are quite separate from the dorsoventral fibres 

"with which they sare considered to be homologous, especially 
‘laterally where they pass from the cuticula lining the bothria to 

' the sides of the scolex as in other bothriocephalids with prominent 
bothrial walls. Farther forward the sagittal muscles proper 

j Passing between the bothria are scarce, their function being taken 

| Over by the very mumerous and closely arranged radial fibres which 
Bere quite as plentiful in the median line as laterally. In the 
termina disc both transverse and dorsoventral fibres are again 
prominent, while the radial ones are absent. Posteriorly the latter 
"pass down along the sharp edges of the beginning of the neck. 

| Frontal sections demonstrate the presence in theledge of the terminal 
dise as well as in the posterior borders of the scolex of two 

series of longitudinal arewate or radial fibres arranged for the 


control of these prominent ridges. These are perhaps modified 


| portions of the outer longitudinal muscles which are very mumerous 


in the scolex and converge in the anterior portions of the edges 


| of the walls of the bothria to become attached to the edge of the 


terminal disc at the four respective points. 

The chief nerve strands, from 15 to aoe in dorsoventral 
diameter and from 15 to eOp in lateral diameter, are situated far 
towards the edges of the medulla and in the median frontal plane or 


somewhat dorsally (Fig. 25). They pass dorsal to the junction be- 


' tween the lateral and middle thirds of the cirrus-sac and conse- 


quently dorsal to the vagina. In the neck they are located in the 
very borders of the medullary parenchyma, but as they pass into 


the base of the scolex they approach the median line somewhat. As 
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they pass on with a varying diameter towards the tip of the scolex, 


they givenoff a number of branches to the walls of the bothria and 


"finally enlarge in the terminal disc to two ganglia, each with a 


diameter of about 50%, which giveoff in turn numerous large 


[branches to the immediate neighborhood. Fach of these ganglia is 


PGivided into two large trunks which, however, continue only a very 


short distance farther forward before they are joined by two com- 


) @issures.to their fellows of the opposite side of the scolex in such 


Sa way that the two branches of the ganglia on each surface of the 


» sxolex are connected. In frontal sections each of these commissures 


is seen to be bowed slightly forward into the tip of the terminal 


} dise and to give off further forward on each side a large branch 


| which passes farther into the latter. 


The exeretory system consists of a varying number of 


» vessels of which four pursue a more or less constant course thruout 


the medulla of the strobila. These are found at all levels in 


transections and are separated from each other in the transverse 


@irection by different distances. The outermost two, however, are 


'slightly larger and have thinner walls than the innermost pair. 


They give off numerous large branches and are connected by various 


anastomoses with each other and the more peripheral vessels. In 


_the neck they cannot be followed as well, while close to thescolex 


) they lose their identity and break up into a plexus of very small 


) vessles which ramifies forward thruout the latter. In the posterior 


_ border of the scolex, however, a small branch on each side takes a 
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straight course just within the nerve strand for a short distance. 


Flame-cells are quite numerous and readily discernible especially 
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‘in the medullary parenchyma. In young strobilas where no segments 


) have yet been lost two comparatively large excretory vessels pass 


» backward to the posterior end where they unite into a small narrow 
terminal vesicle. This in a larva 12.4um. in length was 40» 
"long by 10» wide while the diameter of the excretory vessels was 


The earliest traces of the reproductive organs in the 
_ form of a transverse line in either half of the proglottis (the 
Tudiments of the vagina, cirrus-sac and lateral portions of the 


vas deferens) appear from 4 to lOmm. from the tip of the scolex, 


while the first eggs are seen in the uterus-sacse from 25 to 35mm. 


} from the same point. The development of all of the genitalia is 


Every gradual’ * and can be easily followed in good toto preparations, 


Hsance the diagrammatic nature of the worm, above mentioned, extends 


) wo the reproductive system, making this species an ideal one for 


| study. The cirrus and vagina open into the common genital cloaca, 


| line but towards the side occupied by the atrium. The cloacae 

| alternate irregularly from side to side, fromone to ten having 

| been found occupying the same margin of successive proglottides. 
The following figures represent the number of such segments before 


| the genital aperture changes to the other side in specimen No. 


muuegers Of the above table: 1, 3, 1, 8, 1, 1, 1, 2,2, 3, 3, 1, 8, 
Pei aerisoo sey ec, o,°15°4,°2,°2,°8, 8, 3S, 2, 8, 3, 6,6, 1, 


1, ayeo, 15°33, @, 1, 33°3;2 -—— as far forward as the rudiments 


could be conveniently traced. The genital cloaca (Figs. 27 and 28) 
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is elliptical in outline when viewed from the side, its longer 

» Giameter being directed dorsoventrally, while in transverse sec- 
tions it is squarish in outline. The dorsoventral diameter, longi- 
tudinal dimater and depth are, respectively, 70-854 , 40-55 @ and 
) 40-604 .. Into the middle of the bottrodm of this depression opens 
the hermaphroditic duct about 60" in length, into the bottom of 

q Which in turn opens the vagina immediately ahead of the cirrus. 
Since the cirrus proper is a long slender tube and since the exter- 
Mal portion of the hermaphroditic duct is usually found quite 
tightly closed and the end of the cirrus turned around toward the 
Opening of the vagina, self-impregnation would seem to be quite 

! probable in this species. On the other hand the fact that the 
genital cloaca is so well formed and further that it is surrounded 
| by a well developed sphincter and a series of muscular fibres 


“Tadiating out into the surrounding parenchyma, ag shown in Figs. 27 


and 28, argue in favor of its use in cross-fertilization. No pro- 


truded cirri was seen, however, in the material at hand. Perhaps 
both methods of fertilization occur. 

The testes are spherical to ellipsoidal in shape, their 
longest diameters being dorsoventral, while their cross-sections 
are usually circular in outline. In segments where there are as 
yet only a few eggs in the uteri their dorsoventral and transverse 
diameters are, respectively, 85-90 p and SO-FO wm. In the anterior 
and posterior ends of the proglottis, -- they are not continuous 
from segment to segment but separated by the aggregations of 
Sagittal and transverse muscles mentioned above as forming more or 


less complete septa, -- they form a single layer situated in the 
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medulla in the median frontal plane, but are widely separated in 
the middle of the proglottis by the central genital organs and 

| ducts, especially the uterus-sac. Their number ranges from 80 to 
220 for cach proglottis. While the wall of the testis consists of 
; @ very thin membrane from which nuclei protrude inwardly, the con- 
tents are such as to show the process of spermato-genesis with com- 
paratively great clearness. The vas deferene forms a circular 
mass Of coils, 0.25 to 0.0mm. in diameter, applied like a cap to 
P the dorsal side of the developing uterus-sac and thus close to the 
amner end of the cirrus-sac. When the uterus becomes gorged with 
@ges it is pushed aside somewhat but still retains similar rela- 
tions with one of the pouches of the former, located in the direc- 
| tion of the genital cloaca (Fig. 36). In the mass of coils the 

} Guct is usually distended with spermatozoa to a diameter of 40p. 


It gradually narrows down to a diameter of 15u before entering the 


| cirrus-sac before which there is, however, no seminal vesicle. But 


Within the pouch the vas deferens enlarges to form a large seminal 
vesicle, which with a diameter of from 50 to 50M takes only a few 
coils before passing on as the cirrus proper from which it is 

| sharply separated (Pigs! 28). The cirrus is a slender tube from 
0.17 to 0.22mm. in length within the pouch and from 15p in diameter 
' nearest the seminal vesicle to 8p at its opening. It is lined 

| With a thin cuticula which is circularly cleft in its proximal one- 
third but almost smooth for thelrest of its length, nowhere, however, 
| showing anything in the nature of an armament. The cirrus-sac 


(Fig. 28) is an elongated flask-shaped structure with a maximum 


diameter proximally of 110 and distally of 40» and a length of 
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0.35mm. The neck of the organ usually shows a couple of dorso- 


| ventral curves, while about cOp of its distal end protrudes into 


the hermaphroditic duct. Its walls are comparatively thin and 


) composed of an inner layer of circular muscles and an outer weaker 


and much less compact layer of longitudinal fibres. Apart from the 


seminal vesicle which occupies almost the whole of the proximal 


= - 


enlarged portion and the narrow cirrus the contents consist of only 
a limited amount of parenchymatous tissue and a very few feeble 
retractor muscles. The whole structure of the cirrus-sac is in 
fact such as to suggest that the function is that of an organ for 


the expulsion of spermatozoa rather than for the emission of a 


‘capulatory orgen; altho a few muscles passing from the body wall 
i eround the cloaca to the anterior part of the neck of the sac 


|) (Figs. 27, 28) would seem to indicate that a small portion at least 


of the cirrus is protruded, perhaps during self-—fertilization. 

Altho the vagina opens into the hermaphroditic duct directly 
ahead of the cirrus, it almost immediately curves around the distal 
portion of the cirrus-sac to the anteroventral side of the latter 
which it follows closely towards the median line. Close to the 


wall of the inner end of the cirrus-sac, however, it crosses the 


} Gistal coils of the ves deferens towards the dorsal surface and 


skirts the uterus-sac. When it reaches the median line above the 
sack it turns sharply downward and backward. The vagina has a 
diameter of from 15 to 20p~ opposite the middle of the cirrus-sac 


and is lined with only a comparatively thin layer of cuticula. It 


| very gradually expands after crossing the inner end of the cirrus- 


sac to form a much elongated and very spacious receptaculum seminis 
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the diameter of which close to its inner end may be as much as 90h. 
This is usually filled in sections with spermatozoa, a stream of 

_ which canbften be seen passing on into the spermiduct. The 

; beginning of the duct is surrounded by a poorly developed layer of 

) Circular muscles which are almost absent from the inner expanded 
portion. The receptaculum is sharply separated from the spermi- 
duet which has a diameter of only 15 to cOy» and a length of 0.18 

| mam. The latter is an almost straight tube passing in the median 
dine from the more dorsally situated receptaculum to its point of 

| Union with the oviduct close to the ventral wall of the medulla 
(Fig. 25). It shows best in transections where its walls are seen 
tO be composed of an epithelium of cubical cells lying on a dis- 

' tinct basement membrane, and to be surrounded with a thick layer of 
nuclei and extremely few, if any, muscle fibres. The ovary 

(Figs. 25, 26) is a somewhat kidney shaped tubulolobular organ 
Situated in the posterior half of the proglottis behind the devel- 

| oping uterus-sac with its concavity directed forward and not ex- 

| actly in the median line but slight approaching the cloaca. It 

| averages 0.45mm. in width by 0.18 in length. The isthmus,which is 
| almost as long and about one half as thick as the wings, is located 
| only slightly below the median frontal plane of the medulla. ave 
from the same have a diameter of from 320 to 25. In gramid pro- 
glottides where the uterus is filled with eggs only a small portion 
of the degenerating ovary remains and this is accommodated between 


j the two hindermost pouches of the uterus-sac. The oviduct com- 


mences in the median line anteroventral to the ovarian isthmus as 


| &@ somewhat cylindrical oocapt 40m in length by 18 in diameter and 
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not sharply separated from the rest of the duct (Fig. 25). It 
“passes ventrally with a diameter of cOw for about 5SOp~ before 

| Déing joined by the spermiduct, and then for only a short distance 
farther anterolaterally along the ventral transverse musculature 

| before meeting the common vitelline duct. The latter is formed by 
» the union in the usual manner of two vitelline ducts coming from 
Seeme Lateral regions of the proglottis along the ventral wall of the 
| medulla. It is quite short, however, and contains in sections only 
| @ limited amount of yolk, its diameter being at the most only 20p. 
j The vitelline follicles (Fig. 25) are irregularly ellipsoidal in 
Baap, and situated either just within the transverse muscles, be- 
| tween them and the longitudinal muscles, among the latter or even 
Besuigotly outside of the longitudinal muscles. While they vary con- 
Biderably in size and, not being very numerous, are widely spaced, 
| their average maximum diameter is about 50m. They form a contin- 
| uous band completely surrounding the medulla, excepting for irre- 
gularly circular areas above and below the central ducts and organs, 
in the median line, but are not continuous from joint to joint. 

On the whole they remind one of the vitellariaof A. crassum. The 

; union of their (efferent ductlets can be easily traced, especially 
er frontal sections of younger proglottides, since they are com- 
paratively large and hence quite distinct. In grawid proglottides 
| they have, like the ovary, all but disappeared, their function 
having been almost completely performed. The shell-gland is a 

| smal compact organ, about 115p in width by 55@ in length, sur- 


rounding the oviduct just beyond the entrance of the vitelline duct, 


| or to be more exact, just beyond the first turn taken by the latter 
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in its return to the median line after passing laterally, as above 


stated. It is thus situated ventrally and a short distance from 


the uterine duct which makes only a few dorsoventral coils nea 

the median line before emptying into the uterus-sac. The latter 

) is formed in development by the gradual enlargement dorsally of 

| that portion of the duct which traverses the cortical parenchyma 

on the ventral surface of the proglottis. Just before eggs appear 

: an the sac this part of the tube can be seen in transections as a 
Spindle-shaped dilatation, whose nucleated epithelial wall is sur- 


| rounded by a thick layer of nuclei, the whole being, however, not 


) distinctly separated from the proximal portion of the tube (the 


uterine duct of older stages) at a constriction just within the 
transverse musculature. In proglottides farther ahead this con- 

- gtriction is outside of the transversemuscles in the cortex, so 

| that we must look upon the uterus-sac, then, as being formed by a 

' gradual enlargement of the distal end of the uterus as it becomes 
filled with eggs and not as a sack separated in the rudiments from 
the proximal uterine tract as in the Ptychohothriidae. In one 
Case where only 5 or 6 eggs appeared in the lumen the uterus-sac 
had a diameter in frontal sections of 80» ; in the next segment 

{ following it was enlarged in all directions, somewhat elliptical 

| in outline, with a diameter of 240p 3 in the next still larger; 

and in the fourth somewhat pointed anteriorly. From then on it 

quickly enlarged until finally it is a capacious sac, as much as 

1.0mm. in diameter occupying the whole of the dorsoventral diameter 


of the medulla and almost all of the longitudinal and transverse 
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‘diameters in gravid proglottides. While as seen in transverse 
“sections it is almost entire in outline, in frontal sections it is 
"a@ivided into from 5 to 8 large irregularly shaped lobes or diver- 
tioule, the hindermost two of which enclose the remainder of the 
ovary and the central connections of the reproductive ducts, as 
above mentioned. Ventrally the sack is funnel-shaped towards the 
gmal1 opening which only appears when the proglottis becomes quite 
gravid. Since the uterus-sacs, even the most gravid ones are not 
Situated exactly in the median line but towards the margins bearing 
i Bee genital cloacae, the openings form " ...a zig-zag line of 
Minute pores (which] traverses the median region of one of the 
| broad faces of the strobila, each pore being near the middle of 
its segment." Linton correctly considered them to be 
: @scape of the eggs. Anteriorly where the uterus-sacs do not yet 
contain €gegs these pores, -- in reality the ventral funnel-shaped 
portions of thesacs, -- are located about 0.18mm. on each side of 
the median line, but posteriorly they are relatively much closer 
together, infact almost exactly in the median line. Furthzemore, 
q they are directly opposite or slightly behind the level of the 
| genital cloaca. The opening is formed only when the proglottides 
| become quite gravid by the rupture of the body wall in a very 
j email and limited area, but not of a preformed membrane as in the 
: Ptychobothriinae. 
Concerning theeges Linton (p.433) said: "The ova are 


nearly spherical, with thin shells. They are about 0.04mm. in 


| the greatest diameter." Those from the material preserved in 


formalin were found by the writer to be sometimes spherical in 
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Siane but usually ovoid or ellipsoid, with maximum dimensions in 
Hthe latter case of 45 x 36h. Neither in sections nor in prepara- 
Hetions of eggs from the uterus sacs of material in formol, alcohol 
Or cleared in oil of wintergreen were opercula to be found, but at 
the one pole of the erg a small boss about 5@ in diameter which 
gs Often enlarged to form 4 distinct projection or appendage. 

S Altho development had not progressed in any of the eggs studied 


4 


— so far that the six hooks of the oncosphere were visible, the 
Writer is of the opinion that even in mature eggs no opercula would 
— be found, since its almost spherical shape and the presence of the 


™ button-like thickening at one pole are quite like conditions in the 


- nonoperculeate ege of Abothrium riigosum, for instance, as described 


and figured by Schauinsland (1885 : 527) and further, since in 
|. the egg of the operculate type, as in that of D. latum or of T. 
nodulosus, described and figures by the same writer, the operculum 
| is present long before the hexacanth embryo has detedEh oder 

As regards the life-history of this species nothing is as 
yet known. It is noteworthy, however, that very young larvae, such 
as shown in Figs. 29 and30, can be easily recognized on account of 
the peculiar character of the scales, so that it would not seem 
| difficult to pick them out of the intermediate host, whatever that 
| May be. All sizes from the youngest (Fic. 29) to the largest were 
Dpresent in the material studied. 

The material of this species consisted of Nos. 4724 and 
Beegeued No. COOLl., Nos.-26.392, 16.421 and 17.11 C.U.I11 and 
No. 154 of the writer's collection, all from the intestine of 


 Polyodon spathula, the Paddlefish. 
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Subfamily 5, TRIAENOPHORINAE Luehe, 1899. 


Scolex armed or unarmed, always with two typical and not 
hicy déep bothria, ahead of which the flattened terminsation of the 
| soolex projects more or less prominently in the form of a ring. 
“External segmentation present or absent, in the former case an 
/ Bijcintea neck being absent. Opening of cirrus and vagina 
Bemerginal, irregularly alternating; uterus opening surficiah, ven- 
ira, ahead of the marginal genital aperture. Genital apparatus 
S@lways single in each proglottis. No muscular bulb (Eschricht's 
body) On the inner end of the cirrus-sac. Receptaculum seminis 

Comparatively small, not always sharply separated from the narrow 
q inner end of the vagina. Uterus a much coiled canal, which while 
| never forming a rosette is usually somewhat enlarged before its 
| opening. 

: Sexually mature in the intestines of fishes and marine 
j turtles; larval conditions mostly unknown. 


Typ@ genus: Triaenophorus Rudolphi, 1793. 


Genus 1 MTriaenophorus Rudolphi, 1793, 
| Vesicaria, Cysticercus et Auctorum. 
Taenia (omn.part.) 


Triaenophorus vel Tricuspidaria Rudolphi 


{ Tricuspidaria 


Triaenophorus 
Rhytelminthue (part.) | 1800 


| Rh tis (part.) 1803 : 291 
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ticuspidaria Rudolphi 1802 : 99-103 


" " : 1809 : 7, 25-26 
ijaenophorus : eel a aoe 
cuspidaria " 1810 : 32 

' Lamarck 1816 : 169 
- nophorus Rudolphi | 1619 : 135, 467, 
| Creplin LBSe + et 

Dujardin 1845 : 625 
Diesing 1850 : 504 
Baird LESS): 9S 
Molin 1858 : 134 
7 186le: 236 
Diesing 1863 : 246 
Olsson 1867 : 56 
Loennberg 1889 : 41 
Olsson 1893 : 20 
Luehe 1899 : 37-38 
" 1899a: 712 
Braun 1900 : 1694 
ora Luehe 19004: 98 
Tricuspidaria Stiles and Hassell 1902 : 32-24 
Triaenophorus ‘ Luehe EGLO: aS 


Generic diagnosis: Scolex armed with four three-pointed 
hooks, never replaced by a pseudoscolex. External segmentation 
upletely absent. Longitudinal nerves dorsal to the cirrus-sac 


/and vagina, close to the lateral borders. Testes bétween the 


oo a ae eee aS 
== s ; 
| | 

> oe 

> 2 


tay (sveal ty hd ie signe, 


acre strands only, filling up the whole medullary parenchyma, so 
far as this is not occupied by other organs; a testis free middle 
field is quite as infrequently present aga pronounced dorsal layer 
of the testes. Coiling of the vas deferens in its proximal, almost 
"medially Sitcwated part, that portion passing distad to the cirrus- 
gac Wery slightly coiled. Vitelline follicles form a continuous 
Beatie between the subcuticula and the longitudinal musculature, 


S which is broken only at the places where the genital ducts open. 


“ovary, approaching the lateral border bearing the genital openings, 


| dies on the ventral transverse musculature, yet individual ovarian 

| tubules extend partly thruout the whole medulla. Shell-gland just 
Bes infrequently median as the ovary, lying behind it, also usually 

@pproaching the dorsal surface somewhat. First portion of the uter- 
Hus only a weakly coiled canal (uterine duct) which passes thru the 

| proglottis transversely and leads into a large single caity 
(uterus-sac) which lies not exceptionally ahead of, but yet partly 

Mear the ovary, and usually not median but away from the hargin 

Dearing the genital openings. The latter also applies naturally 


to the uterus-opening which breaks thru later. Eggs thick-shelled, 


| operculate. 


Type species: T. nodulosa (Pallas, 1781) Rud., 1793, 


Altho, as indicated in the above synonymy and as contended 
"by Stiles and Hassall (1902d : 23-24), Rudolphi should not have 

| changed the name of the genus in 1819 from Tricuspidaria to | 

| ‘Triaenophorus again, after having used it in connection with the 


| specific description in 1810, the change has become so firmly es- 
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Triaenophorus sp.larv. 
(Figs. oe 37.) 


Since all of the material at hand was larval, not even 
the earliest traces of the reproductive rudiments showing in toto 
eSarations of the largest specimens, it was, of course, impossible 
| to determine the species with certainty. 


Two types of scolices were present, however, and these 


‘ey i : f f é 
f agreed with the descriptions of the organ given byWarious authors 


for T. nodulosus (Pallas) and by Olsson (1893 : 20-21) and Fuhrmann 
m{1910 : 88-89) in particular, for T. robustus Olsson. It will be 
geen also in the table below that these two forms were found re- 
| spectively encysted in the liver, on the visceral organs or in the 
{ Wall of the stomach, and free in-the intestine of the hosts, -- or 
so firmly attached to the wall as to be deeply imbedded, the 
q mucosa forming @ protruding collar around the worm, -- the only 
fF exception being those from the intestines of Esox masquinongy and 
| Stizostedion vitreum (vide infra). Olsson pointed out that these 
| two species can be readily differentiated from each other on account 
) of the situations in which they undergo their development. Whereas 
the larvae of T. nodulosus asefound generally within cysts in the 
liver of the intermediate hosts, as recorded by a number of writers, 
those of qT. robustus are constantly encysted in large numbers in 


| the flesh, -- Olsson having found them in Coregonus albula and ¢. 
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Mevaretus, Luther (1909 : 58) in CG. albula, and Fuhrmann in the 
pracket" (? Esox lucius). 
The scolex of the robustus type, shown in Figs. 31 and 32 


is, @e aemeori bed by Olsson, in the form of a truncated rectangular 


siderably constricted and more nearly ellipticel in transverse 
“section. As stated by Fuhrmann, "La limite posterieure du scolex 
de 7. robustus est nettement marquée et les deux bothrias, l'un 
dorsal l'autre neutral, son trés profonds ... " This delimita- 
tion of the scolex is emphasized by the fact that immediately be- 
_~+hind the posterior border of the bothria the dorsal and ventral 
 gurfaces of the body of the larva are distinctly concave as are 
| @iso the lateral surfaces, quite diagrammatically,in fact,as shown 
Fin the figures. These concavities extend farther back for a few 
millimeters and then gradually flatten out and pass insensibly in- 
| to bike convexities which togdher form the elliptical outline of 
the cross-section of the middle of the larva. And the writer would 
| like to emphasize here that this was found to be a constant feature 
per &lil the material studied and not simply due to any possible 
local collapsing during dehydration. Altho, as shown in the table 
_ the measurements of the whole scolex are much smaller than those 
| given by Fuhrmann, as might be expected, it is chiefly the structure 
) and size of the trident of hooks that led the writer to consider 
thie type of larva to belong to T. robustus. Fig. 33 of one of 
| these compares very favorably with those shown in Olsson's Figs. 


E51 and 32 and Fuhrmann's Fig. 3, while the measurements (see table) 


| quite agree with those given by the latter. The base of the trident 
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ig comparatively long or deep (in the sagittal direction), hence 
) the specific name according to Olsson, while not only the full 
deneth of the larger hooks but also a good deal of the median ones 
project thru the cuticula as the functional tips; in Fig. 33 which 
; is from an alcoholic specimen these are seen to be darker than the 
Paced piece. The following measurements are given for comparison 
With Fuhrmann's of adult specimens, which are placed alongside, the 
data in parentheses being of the opposite trident on the same sur- 
' face of the scolex in question: 


After 
163.1 163.2 15.47 360.1 Fuhrmann 


Length 147 .5mm. 133.O0mm. 95mm... 79mm. 310-370mm. 
| Breadth 1.07 Geta. Pea ae 
Length of scolex 0.98 0396 1.07, (O.288 


| Breadth of term. disc. 0.77 0.83 0.68 0.74 


Breadth scolex post- 
eriorly ks Q8 Or doll. Aa oad, 


Width trident Gwe (On50) 0:290(0+20) 0.26. .0.25 0.29-0.38 
Length, mediad 0.25 (0.84)0.23(0.23) 0.22 0.23 0.24-0.28 
foume exvernally ©. 16(0.18),,0.16(0«18) 0.18 .0.18,0.18-0.2 


| Measured in O.W. O.W. Tote Alcohol 


| Olsson spoke of the larva of T. robustus being provided with a 

| narrower cylindrical "cauda" as in certain Tetrarhynchus larvae, 
and gave the length of one as 120mm., while the anterior portion was 
approximately 60mm. long. In only a few oe tne larger larvae at 

| hand were the remains of such a structure seen posteriorly, while 
in lot No.36 (vide infra) many pan appendages of varying lengths 


and degrees of distinction from the fore-body, a medium large one, 
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for instance, having these measurements: Length of anterior portion, 
46mm., of cauda 24, of scolex, 1.16; width of fore-body, 0.66, of 
menuda, 0.37 (3 : 1, -- Olsson). 

On the other hand, the other type of larva which was con- 
sidered by the writer to belong to T. nodulosus, is characterized 
By @ much shorter, narrower body smaller at irregular intervals, 
OWing to differences of contraction, into nodules, whence the 
Specific name, and by a quite different scolex provided with the 
well known form of trident (Figs. 34 to 37). While the latter and 
the scolex as seen in surficial view agree in eneentials with the 
descriptions and figures given by various authors, e.g., Rud@olphi 
(1810: 32-37, Tab. IX, Figs. 6-11), Wagener (1854 : 26-37, Tab. 3, 
Figs. 17-21), Olsson (1893 : 20-21, Figs. 28-32) and Fuhrmann 
(1910 : 36-89, Fig. 1), it cannot be said of the material at hand 
iaec, as stated by the last writer, " ... chez T. nodulosus on ne 
peut voir encune limite entre le scolex et le cou du Bothrioce- 
phale ... " For injlateral view (Fig. 35) the bothria are dis- 
Ginctly separated from the beginning of the body, altho this is, 
as just mentioned, not nearly so apparent in surficial view. As 
shown in Fig. 34, the middle hook of the trident does not protrude 
thru the cuticula, since it is the root for muscular attachment, 


the upper median hook (cf. Wagener) which does protrude in the 


f adult, being evidently not yet developed (Figs. 36 and 37). Fora 


| short distance behind the scolex the body is somewhat rectangular 
in cross-section, the sides of the rectangle being, however, slight- 
ly convex and not concave as in the robustus type, and hence not 


go very different from the cross-section of the body and farther 
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) back. But the material contained in lot No. 53 from the intestine 


: Otherwise the specimens are distinctly of the nodulosus type. It 
should be mentioned, too, that one of this lot showed a very short 

| put distinct caudal piece, which with the general stout appearance 

j of all of them may be accounted for by the possibility that they 

have reached the intestine of one of their final hosts, -- altho 
no other specimens were taken from the Maskinonge, -- and contin- 

q wed their development. Likewise a few of the specimens of lots 
Wos. 10213 and N.B. 28a (vide infra) were provided with short 
Caudal appendages. The smallest example of this type and 
the material, for that matter, at hend was No. 188 of the a 
panying table. Altho it is only a little over two and a 
millimeters in length, its posterior end shows that a portion, per- 
haps a caudal piece, has been torn away. The following table gives 

| measurements of a number of specimens of the nodulosus type, similar 
to those given above for the robustus type, with Fuhrmann's data 
for comparison: 


After 
Fuhrmann 


| Length i - 120-180 
| Breadth at Middle - : 2.5-4 
Length of scolex weet, rs Onan 


| Width term, disc. .37-0.47 


" scol. post'ly. : sy .57-0.6 


trident ; : » Leo 

" medially p ; -O73 

4 ° externally : 062 
|} Measured in 
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It will be noticed that in spite of the fact that all of 


)the measurements of the tridents are larger than those given by 


-. 
‘Furhmann, they are considerably smaller than those of the other 


type. 

| Finally, altho no specimens of either type of larva so 
young that the hooke had not yet developed, were met with, those 
of lot No. 40 from’ the intestine of Stizoatedian vitreum were 

| provided with only very small tridents of the nodulosus form, the 
| bases of which were not yet well developed, while the whole sco- 
dices were a sort of compromise between the two tyres in shape but 
| of the nodulosus type as regards size, as shown in the following 

| measurements: Length, lamm.; width at middle, 0.64; length of 

) Beolex, 0.87; width of terminal disc 0.64, same of scolex pos- 

| teriorly, 0.80; width of trident, 0.14, length medially, 0.07, 

| externally 0.05. ites these speciemsn would seem to represent 
@m intermediate stage between the two types of scolex, so far as 

| the general shape is concerned, the writer was inclined to consider 
- them as belonging to the nodulosus type, yet it must be said that 
| Sueewer seolices, €.g@. No. 151 of the table, have considerably 

| larger hooks. 


On the whole, then, the bulk of the evidence given here 


tosus and T. robustus which have been clearly distinguished by 


Puhrmann (1910) and also recognized by Luehe (1910 : 33). However, 
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Lot Host 


‘ype robustus: 


a | 


Esox lucius 


7 me, 
7 a. 


" 


t 


Lota maculosa 


rT 


eg "Lake Herring" 
‘Type nodulosus: 


ae .72 Perca-flavescens 


mee tol Micropterus 
ae dolomieu 


Ben188 Micropterus 
| dolomien 


_ 195 Catostomus 
ie commersonii 


Eh2b Notrovis delicatus 


10213 "White Bass" 


_ W.S.28a Stizostedion 
4 , canadense 


40 §. vitreum 


53 Esox masqui- 
nongy 


Location 


Intestine 


? 1 
t 


Intestine 


ins lever 


On viscera 


"! 


7 
? 


Liver 


Locality 


Flat-Rock L. 
Muskoka,Ont. 


Go-Home R., 
Muskoka ,Ont. 


Go-Home Bay 


Off Giant's 
Tomb Id., Geor- 
gian Bay, Lake 
Huron. 


Lake Superior 


St. Lawrence R., 
Iroquois, Ont. 


Go-Home Bay — 


i 


Georgian Bay 
Charlevoix,Mich. 


? 


Stomach wall New Baltimore, 


Mich. 


In intestine Flat-Rock L. 


" aa 


Go-Home R. 
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The material studied is here listed as a host record also: 


Collector 


Cooper 
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.B.Ward 


Cooper 
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Family 6, PTYCHOBOTHRIIDAE Luehe, 1902, 


Scolex unarmed, with two separate and more or less strongly 


leveloped bothria or exceptionally replaced by a pseudoscolex. 


Week absent. External segmentation never absent, but frequently 


incomplete or obliterated thru secondary foldings. Genital organs 
' humerous, but only single in each proglottis. Both surfaces of 
- the chain of proglottides, apart from the genital openings similar. 
“Cirrus unarmed, with cleft cuticula. Opening of cirrus and vagina 
meenind the uterus opening, surficial or marginal, in the first case 
On the opposite surface to the uterus-opening and almost median. 
| No Muscular bulb at the inner end of the cirrus-sac. Receptaculum 
i Beeinia, when present, has the form of a small bind sack situated 
| at the inner end of the vagina. Ovary and shell-glad median. 
‘Testes in two lateral fields. Uterus never taking the rosette 
| ghape, but usually forming a capacious undivided uterus-sac. Eggs 
thin-shelled, without opercula; embryonic development in the uterus 
and in consequence of exhaustic production of eggs (but dependent 
on the time of year in the case of many species) all the eggs of 
the whole tapeworm are at the same stage of development. 
Sexually mature in the intestine of fishes; larval condition 


| unknown. 


In his first diagnosis of the family Luehe (1902a : 326- 
i 327) emphasized the similarity of both surfaces of the strobila 
| (on contradistinction to conditions in the Acanthophallidae), the 


| unarmed cirrus with cleft cuticula, :the. peculiar coecal recepta- 
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oulum seminis and the absence of opercular in theeges, but de- 
jeribed the uterus as follows: "Uterus nie die sogenannte Rosetten- 
form annehmend, wohl aber in der Regel eine gerkumige Uterushthle 


Mbildend, welche die ibricen Genitalorgane, ohne dass freilich deren 


* 


‘Rilokbi 1dung eintritt, buchstablich an die Wand drangen kann, indem 
“die ganze Progiottis in reifen Proglottiden vielfach als ein ein- 
aiger sackférmiger Fibeh4lter mit verhAiltnism&ssig sehr diinnen 
“Wandungen erscheint." On account of the fact that the uterus of 
Heplobothrium was found to answer this description in that it is 
‘divided into @ uterus-sac and uterine duct, while the remaining 
‘reproductive organs are distinctly diphylliebothriidian in their 
nature, the writer pointed out the difficulties in this connection 
by ‘saying (16145: 3) : "As a matter of fact the whole question of 
"the division of the uterus into distinct regions is one concerning 
| which we cannot come to any definite conclusions since, to my 
knowledge, there is no adequate description of the developmental 
MPictionships between the uterine tube and the uterine sac in those 
genera in which they appear." The conditions in Haplobothrium 
and Marsipometra have already been discussed above. Here will be 
| given the observations on the development of the uterus to which 
reference wacnade . 
% In Bothriocephalus scorpii the lumen of the uterus-sac 
appears suddenly and with a diameter of 90m, the rudiment ahead 
Pahowing as yet no signs of forming a cavity. This enlargement is 


_ situated at first, however, inthe cortical parenchyma and among the 


| longitudinal muscles, only the inner tip of the structure in trans- 


| sections going into the medulla. Just within the inner transverse 
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em@uscles this inner portion of the sac is joined by the uterine duct 
which with a diameter of S0f# elsewhere is here only 8 in dia- 
meter. Furthermore in the genital rudiment of the next proglottis 
there is a distinct demarcation between the aggregation of 
Eivpie: that will form the sac and the axial rudiment of the uterine 
duct. The same separation of sac and duct with the narrowing of 
tg he latter just before entering the former is present in the follow- 
Bite segments even where the first eggs are to be seen in the lumen. 
fins. the eggs must have passed this narrowed region which is a 
sereat deal smaller than their diameters. Still farhter back where 
the lumen is about 165” in diameter there can be secn not only the 
situation of the sac in the cortex and among the longitudinal 
muscles, projecting as yet only a short distance into the medulla, 
2 eitho here the bundles of muscles are deflected peripherally, -- 
but also the separation of the two parts by a narrow neck only 10, 
Hin diameter. B. cuspidatus shows the same distinct separation of 
the uterine duct and uterus-sac in the proglottides where there 
‘are already a few eggs in the latter. In Clestobothrium crassiceps 


ry 


“condi tions were found to be quite the same. When the lumen of the 
| sec attains dimensions of about 60 x 35 jw and is lined with an 
“epithelium which takes the conterstain more like a cuticula but 
_ shows distinct nuclei on its surface towards the lumen, the uterine 
“uct opens into it with a distinct reduction in diameter. The 
“epithelie of the two are, however, quite similar and continuous, 
ene nuclei being located in a similar manner in both. Proghttides 
ahead show that the sac is formed by an enlargement of the end of 


the duct, which takes place first in that region passing thru the 
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cortex quite as in Bothriocephalus. 

7" Thus we see that the uterus sac of this family is quite 
different from the functional enlargement of the uterus of the 
Diphyliobothriidse, with the exception of that of Haplobothriu, 
‘since at all stages in its development it is sharply separated 

from the uterine duct. But as it was not so much this exact separ- 
ation of the two portions as thé constant presence of a "Uterus- 
nhie" in this family and its absance in the other, where the 
"Rosettenform" is more common, that was emphasized by Luehe, and 
"since the structure in Haplobothrium is distinctly ptychobothrii- 
Mian in character, the functional enlargement of the uterus can not 
Baon be considered to be of such systematic importance as was 
‘formerly believed to be the eage. 


Subfamily 1. PTYCHOBOTHRIINAE Luehe, 1899, 


Scolex with two surficial sucking grooves, which may be 

Modified by considerable growth together of their free edges. 
| Genital Openings surficial, those of the cirrus and vagina dorsal, 
Dinat of the uterus ventral and ahead of the other two. Vas deferens 
| Strongly coiled, dorsal. Ovary ventral; shell gland dorsal. 
| Witelline follicles usually in two lateral fields in the cortical 
or medullary parenchyma. Testes completely filling the medulla, 
| mostly Marginal to the longitudinal nerves which are well towards 
| Fie median line. | 


a | | 
| Occurrence : Exclusively in fishes. 


Type genus : Bothriocephalus (Rud.) Luehe. 
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‘The above diagnosis lacks the words "seldom armed" 
gd which appear in Luehe's latest (1910 : 84) charac- 
mee not only of this subfamily but of the family, because 
not appear in his earlier (1899 : 41 and 1902a : 336, 

sot: ae papers, nor does there seem to the writer to be any 


n for their use. 
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Genus 1. Bothriocenhalus Rud.1808,e.p.Luehe 1899, 


2 oe ee 


Taenia (part) 
Khyteiminthes 


Auctorum, 


(part.) Zeder, 1800. 


Alyselminthus (part.) Zeder,1800. 


Rhytis (part. ) Zeder, 1803. 

Bothriocephalus (part.)Rudolphi, 1809. 
Bothriocephalus(part.) Rudolphi, 1819. 
Dibothrius (part.) 


Rudolphi, 1919. 


Bothriocephalus(part.} Leuckart, 1819. 


Bothriocephalus(part.) 
Babothrium (part.) 
Bothriocephalus(part.) 
Dibothrium (part.) 
Dibothrium (part.) 
Bothriocephalus (part. ) 
Bothriocephalus(part.) 
Bothrioce phalus(part.) 
Bothriocephalus s.str. 
Bothriocephalus (part. | 
obhriocephalus s.str. 


Bothriocephalus s.str. 


Generic diagnosis: 


developed sucking grooves. 


Neck absent. 


Dujardin, 1845. 
Diesing, 1850. 

Baird, 1853. 

MOlin,. 1861. 
Diesing, 1866. 
Carus, 1885. 
1891. 


1896. 


Matz, 
Ariola, 
Luehe, 1899. 

Ariola, 1900 ». 
Braun, 1900. 


Luehe, 1910. 


Scolex elongated, with two only weakly 


External segmentation 


well developed; between two consecutive genital segments there is 


always present a saw-tooth notching of the lateral border, yet a 


corresponding transverse furrow on both surfaces iS sometimes 


lacking. 


uous from proglottis to proglottis, as are the testes, 


Vitelline follicles in the cortical parenchyma, contin- 


Recepta- 


beng! 


=: gee 


culum seminis absent. 


(uterus-sac or uterus s.str.). 


dian, as is the dorsal genital opening. 


Type species: 


Bothriocephalus sc 


Species 1, Bothriocephalus scor 


(Figs. 38 - 49.) 


/ L7c2 Vermis muitimembris 
! rhombi 
L776 Taenia scorpii 
| 1780 Taenia scorpii 
| 1780 Taenia scorpii (part.) 
| 1786 Taenia scorpii 
4 1788 Taenia scorpii 
| 1788 Taenia scorpii 
| 1790 Taenia scorpii 
| 1799 Taenia scorpii 
1800 Alyselminthus bipuncta- 
tus 
1802 Taenia »punctata 
| 1802 Taenia scorpii 
| 1803 Rhytis bipunctata 
| 1810 Bothriocephalus puncta- 
; tus 
' 1839 Bothrioc. punctatus 
1819 Bothrioc. punctatus 
1844 Bothrioc. punctatus 
1845 Bothrioc. punctatus 
| 1850 Bothrioc. punctatus 


Leeuwenhoek 1722 


Mueller 
Mueller 
Fabricius 
Batsch 
Mueller 
Schrank 
Gmelin 
Ratke 


zeder 


Rudolphi 
Bose 
zeaer 


Rudolphi 


Rudolphi 
Leuckart 
Bellingham 
Dujardin 


Beneden 


1776 
1780 
1780 
1786 
1788 
1788 
1790 
1799 


1800 


1802 
1802 
1805 
i810 


1819 
1819 
1844 
1845 
1850 


orpii (Mueller), 


ee 
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Beginning of the uterus a winding canal 
(¥terine duct) which opens into a large nearly spherical cavity 


Uterus-opening approximately me- 


pii (Mueller,1776) 
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235. 
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256. 


109-110. 
507. 
296. 

50. 


158. 
40, 

254. 
617. 
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1850 Dibothrium punctatum Diesing 1850 ; 593. 


oe 


Bothrioc. punctatus Baird L655 + 68, 


Dibothrium punctatum Leicy 


Dibothrium punctatum Leidy 1856 : 46. 
Bothrioc. punctatus 


Dibothrium punctatum Molin 1858 ;: 1354, 
Dibothrium punctatum Molin 1861 3; 235, 


Cobbold 


Diesing 


Dibothrium punctatum 


Bothriovw. punctatus Olsson 1867 : 14,55. 


Linstow 


Bothrioc. punctatus 


Bothrioc. punctatus Carus 


1889 Bothrioc. punctatus Loennberg 1889 3: 32. 
forma bubalidis 


Dibothrium punctatum Linton L890 21,73. 


Bothrioc. punctatus 
punctatus Matz 1g92 3: 105. 


Loennberg 


Bothrioc. 


1895 Bothrioc. punctatus Loennberg 1893 3 13. 
forna motellae 


Bothrioc. punctatus Olsson 1895 : 16. 


Dibothrium punctatum Linton L897 22, °430% 
Bothrioc. 


Bothrioc, 


bipunctatus Luehe 1899 ; 43. 


punctatus Ariola 1900 : 594, 


1900 Bothrioc. bipunctatus Braun 1900 : 1691 


Bothrioc. bipunctatus FPuhrmann 1902 : 446, 


Bothrioc. punctatus Schneider 1902a: 14, 
forma punctatus vel 
typica 


Bothrioc. punctatus Schneider 190Ze: 15. 
forma rhombi 


Bothrioc. punctatus Schneider 1905 3: 75-76. 


forma cotti-quadri- 
cornis mihi 
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Bothrioc. bipunctatus Luehe el O. Seb 2 


Specific diagnosis: With the characters of the genus. Large 
cestodes, up tp 950mm. long by 6mm. wide. Scolex,large,elongate, 
with prominent terminal disc, widest anteriorly; length 1.0-3.5mm., 
breadth 0.5-0.5. Bothria long and narrow, shallow posterior x. 
First segments subcuneate with weakly prominent posterior borders, 
longer than broad. Middle and posterior segments much depressed, 
former very short and broad, latter relatively less so and grouped 
in twos or threes; lateral borders crenulate. Ripe progiottides 
2-4mm., wide by 0.2-0.8 long. Strobila usually incomplete poster= 
forly. 

Cuticula 5p in thickness. Calcareous bodies 13, in diameter, 
Inner») longitudinal muscles in fascicles. Six chief longitudinal 
excretory vessels. 

Opening of the genital cloaca at the bottom of a dorsai medi= 
an longitudinal depression ruuning thmuout mature segments, ona 
low papilla in each proglottis and half way betweah the anterior 
and posterior borders. Vaginal opening immediately behind that of 
cirrus. Distinct ductus hermaphroditicus present. 

Testes subspherical, 35-70« in diameter and 50 tO 60 in nun- 
ber for each segment. Vas deferns a compact mass lateral to cir- 
rus-sac and opposite the uterine tube, 0.18 x 0.10mm. Cirrus-sac 
at right angles to dorsal surface, 115 x 120 x 75-80 , extending 
only a short distance into the medulla; thick layer of nuclei 
within its wall. Cirrus proper,notprotruded, 65 x 15y. 

Ovary compact, tubulolobular, O.35mm. wide by 0.15 long 


where uterus-sac is not greatly distended. Isthmus onlyventral. 


OOcapt S5y in diameter. Viteiline folligles in two lateral weak- 
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ly umited fields on each surface, 350 to 540 in number, 35-55% in 
diameter; vitelline reservoir small. Shelle-gland large, 115p~ wide 
by 0.85 deep, median, close behind cirrus-sac. Uterine duct vdbu- 
minous on both sides of the median line, closely applied to ovary 
behind. Uterusesac spherical to flattened anteroposteriorly, Oc- 
cupies one-sixth of transverse diamter of proglottis, alternating 
irregularly from side to side, or often quite median. Opening in 
middle of sac, ventral and well forward, formed by. the rupture 


of a distinct membrane. 


Eggs, 66-80 in length by 45-45 in diameter, without opercu- 


la, forming dark brown maculations in ripe progiottides as they 
show thru the walls of the uteruse-sacs, 


Habitat: In the intestine of the host, 


Host Locality Collector Authority 
Cottus scorpius Denmark Mueller Mueller 1784:6 
Gry phswald hudolphi Rudolphi 1819:159 


Kais.-konig.- Leuckart 1819:40 
nat*l kab, 


Ireland Bellingham Bellingham 
18443254 


"Oresund e Olsson Olsson 1867 :55 
Berg,Sweden 


Norway Loennberg Loennberg1&890:22 

Sweden «i ° 3891:51 

Grafverna and Olsson Olsson 1895 :16 

Naset,Sea of 

Bahusia 

Arctis Ocean Linstow 1901:281 


Gulf of Fin= Schneider Schneider 1902:15 
iand 
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Cottus scorpius Murman-Kuste 

h 

" " Wite Sea 

“ x North Sea 

" ‘ Firth of Clyde, 
Millport,Scot- 
land. 

iy bubalis England 

4 4 Norway 

" " Sweden. 

" 5 Grafverna and 
Naset 

ss s "Oresund e 

Berg" 
¥ North Sea 


"  quadricornis 


Pleuronectes bos- Naples 
cius 


Pleuron. flesus 
z aximus Denmark 
e sd Gryphswald 
" . Ariminus 
" ae so. 
. ° Ireland 
" sg Langrunne, 
Rennes 
"Turbot” Belgium 
Pleuron. rhombus Naples 
. sf Ireland 


~ ~ 


Coll.Zool.Mus, 
K.Akad.Wiss, 
Petrograd. 
Danilevskij 


Nicoll 


Cobbold 


Loennberg 


Nicoil 


Gulf of Finland Schneider 


Rudolphi 


"Oresund e Berg” Olsson 


Mueller 
Rudolphi 


Kais.-konig.- 
nat'lkab. 


Beliingham 
Dujardin 


Beneden 
Rudolphi 


Drumnand 
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Linstow 1905:19 
‘9 “ " 
Nicoll 1907:70 
7 19103355 
Cobbold 1858:157 
Loennberg1l890:22 
id 1891:51 
Olsson 1893 316 
Ariola L900:396 
Nicoll 1907 3:71 


schneiderl905: 75 


Rudolphi 


Ariola 
Mueller 


Rudolphi 


6 


Leuckart 
Belling- 
ham 


Dujardin 


Beneden 


Rudolphi 


Belling=- 
ham 


18193139 


1900:396 
1784: 6 
1819:139 


"a i) 


1819340 


18443254 


18453618 


1850:161 
1819:159 


L884:254 
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Meeereds GOLER <=~~----- - 
nat’ ikab 
Torpedo narce Naples Rudolphi 
" gcellata My ’ 
: culata See see Volz 
Gadus aeglifinus Arctic Ocean -----~----- 
"minutus Naples Rudolphi 
ArnoglBSEus boscii " : 

pegosa Ariminus " 

" solea ---------- Mus,Vienn. 
Trigla adriatica ---------- Cy. 

s J Hafnia Eschricht 

lineata Ireland Drummond 
Psetta maxima England Siebold,Coll. 

Brit.Mus, 

Platessa plana Pennsylvania Leidy 

sd flesus Germany rere 

" passer Trieste = 9 ses--e---= 
Rhombus maximus _—Italy Molin 

P : Patavia " 

Md "Oresund e Berg" Olsson 

- 4 Trieste Stossich 

" 2 Venice Ninni 

" " Warnemunde  --------- - 

wv i Rossitten, = = ---------- 

a = Cranz,Memel 

. ° Trieste = = ----+------ 

" ss G@nOva Parona and 

Ariola 
7 fe Trieste Stossich 
" " Gulf of Fin= Schneider 


land 


Ariola 
Rudolphi 
Volz 
Linstow 
Rudolphi 
Ariola 


Rudolphi 
1] 
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Diesing 
Diesing 


Baird 


Leidy 
Luehe 
Stossich 
Molin 

" 
Olsson 
Carus 
Stossich 
Matz 


Muehling 


Stossich 


Ariola 


Stossich 
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1819340 

1900:5 96 
18193159 
1900:55 

19013281 
1819:139 
19003396 
18193159 


18503594 
1850:594 


1855:89 


18553444 
1910325 

1898 3:116 
18583154 
1861 3235 


1867 =; 395 
1885 3120 
1890:7 
1892 3105 


1898 356 


3898 :116 
1900:395 


1901:97 


Schneider 1902:15 
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| 
| Rhombus maximus North Sea Nicoll Nicoll 1907 372 
q " ee Volz Volz 1900:55 
.| " laevis "Oresund e Blsson Olsson 1867 355 
| , . Berg" 
| _ 
| " " Grafverna and . 4 1893 :16 
| : Naset 2 z 
1 maeoticus Odessa Nordmann Lins tow L961L3284 
Lophopsetta macu- Martha’s Vine- Linton Linton 18903732 
lata yard,Mass, 
Bothus maculatus Woods Hole Linton Ariola 1900:396 
® . " ” id Linton 1897 3430 
Hemitripterus ere en §=§©6<CoLLSUSS: " othe 
americana Nat.Mus, a c 
8 Casco Bay,Me. “4 i sf ‘ 
" Woods Hole " rT) " " 
HO eee ~ Coll.Nat.Mus., Ariola 190033596 
Wash, 
Limanda ferruginea Block Id. U.S.Fish Com. Linton 1897 34350 
i WoodsHole Williams " 190] :284 
" ” ! oe Linton Linton 1901:485 
Labrus maculatus "“Oresund e Olsson arseva 1900:396 
~ Berg" 
Motella mustela Bere ascii Coll.Mus.Vien. : x id 
Mullus barbatus Genova Parona . ‘s " 
Solea monochii §----------- Coll.Mus.Vienn, " " ¥ 
Acipenser ruthen- ---------- > Volz Volz 1900:55 
us 
Scorpaena porcus ---------- By " " iT] i" 
Paralichthys ob= Woods Hole Linton Linton 1901:484 
longus 
Lota vulgaris Dvina-Fluss Danilevskij Linstow 1905319 
Baja clavata Black Sea Pilat Pilat 1906 :191 
Anguilla vulgaris River Dee,Scot=- Scott Scott 1909379 
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Decapterus puncta- Woods Hole Reg- ---------- Sumner,Osburn and 
tus ion Cole 1913 :586 


Hippoglossus hippo- “"~ — menna---=+ 
glossus 


Myoxocephalus aeneus " -« sa-+------ 


decithspinosusocto- age Wein 
Gecimspinosus ‘A i é 


Palinurichthys perci- He eee ene 
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formi 


Paralichthys dentatus $$" 9 ---------=-- 


Pseudopleuronectes gee 


americanus 


Scomber scombrus 


Trachurops crumeno- 
phthaimus : 


Urophycis chuss wrecenn--H-- 
Hemitripterus america- Passama- Cooper Cooper 
mus quoddy Bay, (the present paper) 


New Brunswick 


Brandy Cove, 
Stc<oroig hh. N.B. 
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? : groelandicus " " 


) Ace omudad pope 


| Be5:éfeL - #iod. 
" " ” 
“ « 
RF 
i 
| Fag000 169000 SSS diet «2 
i ee t- % iti ori) yn yOoboxip 
AOLucnog well 
eeVG0 Vasxe 
| (G54 Ot aor), 26 
» ebreenai4.V¥". ‘Seto ebood 
eo ; » Ze py. 
ij 
‘ 
i 


154 


t As shown in the table of measurements given below most of 


NMihe specimens of this species ranged in length from 50 to 240m., 


while mone were considered to be complete posteriorly. The smallest 
‘measured 28mm. in length and the largest 677mm. The scolex 
“assumes @ variety of forms in preserved material, but agrees in 
_ general with the descriptions of the organ for B. scorpii by all 
_ the authors from the time of Rudolphi (1810 : 51). Its commonest 
Nehape is shown in Figs. 38 and 39 where it is seen to ne quite 
elongated, somewhat broader and truncated anteriorly and narrow 
" posteriorly. The anterior portion is in reality in the form of a 
p> iow pyramid, comparable internally (vide infra) as well as extern- 
| ally with the terminal disc of the Triaenophorinae. Its base is 
| deeply indented dorsoventrally, that is opposite to bothria, but 
founded Jaterally. The whole scolex is broadest at about its 
»middle and narrowest at its posterior end, a portion of which is 
q here considered to ‘ee of the first segment on account 
of its being in all the material at hand set off from the rest of 
the scolex ahead by a more or less definite groove. The bothrium 
is in the form of an elongated V, being ordinarily widest and 
} Geepest just behind the terminal disc and much narower and shallow- 
er posteriorly where it is not bounded by a definite wall but 
| spreads out on the base of the scolex. In many specimens, however, 
the scolex is so contracted and the walls of the bothria so pro- 
| truded that the latter shows its greatest depth at the middle of 
| the scolex. In lateral view (Fig. 39) the scolex is more oval 
E in outline and a little wider towards the base. From this fact it 


| is conceivable that Mueller's (17842) Fig. 7 showing a more 
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“orbicular" scolex in B. scorpii in lateral view may be explained 
(‘by Supposing that he was dealing with a much contracted specimen, 
‘altho in justice to the other side of the question, it must be 
seid that the first segments in his figure are by no means con- 
tracted. It will be noticed that the figures of the scolex given 
here agree very closely with that of Scott (19029 : Fig. 3, Pl. V), 
altho from the fact that he records B. scorpii as having been 
a in Anguilla vulgaris, it is quite possible that he had in 
eblity B. claviceps (Goeze) which has been found only in eels up 
"to the present, so far as the writer is aware. 
¥ segmentation begins immediately behind the scolex, so that 
"there is no true neck, altho the base of the scolex has the 
"appearance of a very short neck region from which the foremost 
Reeuenta are cut off as soon as they form such in fact being con- 
sidered To be the case. The anterior part of the strobila, however, 
"serves the purpose of a neck in that it shows a division into sub- 
segments in a menner to be presently described. As regards the 
“habit of the whole strobila and the general shape of the segments, 
| Rudolphi's (1810 : 51-52) description of the species is so appli- 
cable to this form that it is given verbatim: 
a "Collum nullum. Corpus planum, margine 
crenato. Articuli capiti-proximi plerumque long- 
issimi, augustissimi, subcaueati, margine postico 
Semen parum exstante, saepe tamen, praesertim 
post mortem, contracti, ut reliquis vix longiores 


apparent. Articuli insequentes anticis breviores 


et sensim latiores; postici subsequales, fere 
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qQuadrati, utplurimum latiores quam longi, interdum 
quasi ex duobus tribresve confusis compositi, satis 
magni, margine obtusiusculo hine inde inciso. Ar- 
ticulus ultimus obtusus. 

Lines utrinque longitudinalis articulos majores 


Percurrit. Inter utramque faeturae apparatus." 


Leidy (1855 ; 444) described the strobila of the B. scorpii 


oe 


"which he found in Platesa plana as follows:"Neck none. Anterior 
segments caveate or triangular; posterior ones quadrate; each 
with an Meee arance of three subdivisions, with the subsegments 
having a pair of generative apertures, in the course of a longi- 
tudinally depressed dark colored line, passing the length of the 
body,"; which Cabbold (1858 : 157) said of individuals from 


| Cottbus, bubalis: "Toward the lower part of the so-called neck, the 


| joints exhibited at the lateral margins indications of division, 


) which became gradually more defined towards the tail." In the 
same connection Krabbe (1865 : 37) said that, according to Esch- 

| richt, "Pendant leur développement ultérieur, l'augmentation du 

| nombre des articles n'est pas toujours exclusivement due, comme 
chez les Taenias, ‘a la formation de nouveaux articles engendrés 
par la téte, mais chez quelques espéces, telles que les B. dubius, 
| Wariabilis et fasciatus (here B. punctatus also) elle est encore 
produite par la division transversale qui s'opére dans les articles 
déja formés." Olsson (1867 : 55) also referred to multiplication 
of segments by transverse division of older ones. Loennberg 

' (1891 : 52) denied this statement of Olsson's, but as pointed out 


| below the negation is applicable to the posterior mature segments 
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of this form at least, not to the middle segments referred to by 
| the latter. Linton (1890 7773) said: "Secondary segments appear 
at about the twelfth segment from the head. These are formedfoy 
a division of each segment into two by means of a médian itransverse 
line. This is repeated farther back in much the same manner as 
| described under D. microcephalum." In this form such subdivision 
of segments to form daughter segments was found to occur all along 
| the strobila from close behind the scolex to well into the region 
showing the median row of reproductive rudiments, and in such a 
"manner that’, in the anterior part of the strobila at least, what 
| Was considered to be a primary sepment, situated between the most 
| prominent transverse furrows visible, became subdivided into B, 4, 
8, 16 and finally 32 divisions, each of the latter accommodating 
tWo reproductive rudiments. But it must be emphasized that this 


| method of formation of new segments is only approximately followed 


| out Since, as it passes backward in development, the primary ség— 


| ment does not always contain 64 genital rudiments, because in the 
first place some secondary or even tertiary transversefurrows be- 

come almost as prominent as the primary ones, and secondly, because 

| at the same time there is considerable further subdivision not only 

| of the peripheral tissues but especially of the rudiments them- 
selves. Close behind the scolex the primary segments are very short 

Piri. 38), the first six to ten being divided only into two sub- 

: divisions in strobilae of moderate size, but into three or four 

| subdivisions in the largest chains. Farther baék thig more or less 

| recular manner of segmentation takes place gradually, but division 


i is usually seen to occur more readily and quickly in the anterior 
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“part of the primaryjsegment or of its major subdivisions, i.e., 
‘gecondary or tertiary, than in its posterior part, -- sometimes, 


; 
however, the reverse being the case. Thus in general there is a 


, 


sort ©f dominance of the anterior end of the segment, which one 


a 


might Call a zooid in the sense in which Child uses the word, over 
BM posterior end as regards metamerism. While this method of 
Bias tion Of segments is further obscured by the fact that often 
one seems intercalated among primary segments, showing these 
)features well, others which seem to lag behind in division and 
are hence younger, and that in much elongated strobilas it is 
Wetill more difficult to dintinguish between primary and secondary 
transverse furrows, owing to their being quite smoothed out es- 
| pecially medially, the whole plan is sufficiently clear to warrant 
“ite being described with the definiteness here given. Figs. 40, 
P41 and 46 will give a better idea perhaps of the whole method of 
segmentation than this description. While in Fig. 40 the primary 
segments are indicated by asterisks, in Figs. 41 and 42 the whole 
| drawine is ineach case that of a primary segment. Under the 
| heading of the reproductive system below it will be seen that in 
the mature portion of the strobila the most prominent transverse 
furrows are described as coming approximately every eighth or six- 
teenth genital segment. This is due to the fact that the secondary 
) and tertiary furrows, respectively those dividing the primary seg- 
ments into two then four parts,become quite as pronounced as the 
| Primary ones, thus making it impossible to follow this system of 


| segmentation beyond the region of differentiation of the genital 


|} rudiments. 
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i At least three prominent longitudinal grooves run thruout 
the median and posterior portions of the strobila on each surface, 
_ cutting thru the posterior borders in many places, but their 
7 Surse is not regular; they are accompanied by numerous other 
“shorter end »more irregular grooves; all of which, however, do not 
“scem to be due simply to lateral contraction of the segments. The 


following table gives a list of measurements of representative 


“specimens in alcohol from the material at hand. 


Mumber of specimen 196.1 196.2 196.3 196.4 197 198.1* 198.2* 
Total length 234 103 Shu: SR? 

| Length of scolex 1.20 GuS2s 234d. ws 

“Breadth of terminal dise 0.30 0.26 0.33 0.28 

"Breadth at middle Bas oarG5Ss' 02500. 0.580 0-32 

Breadth: at. base 0.28 0.27 0.24 0.35 0.26 

“Length of Seg. I @elda 20% 0.09 0.18 0.33 

| Length of Post. Seg. 0.85 0.357 0.57 

Breadth of same 1.83 <1Be 06837. On92 


1 Maximum breadth of 
a strobila Sooo -2seo -1.05 12.57 


*Stretched during fixation. 


a Since Loennberg (1891 : 52) described the cuticula of the 

species there hag been no mention of this tissue in the literature 
80 far as the writer is aware. In sections it was found to be 5u 
Bin thickness and composed of two layers, the outer of which is 


| about two-fifths of the whole thickness and is made up of rather 


stout, closely set "cirri" which stain much more readily than does 
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the inner more homogeneous and lighter layer. These cirri seem 
“to lie on a distinct membrane since their proximal (central) ends 
@re all even and distinguishable in some places as dark granules. 
In sections stained more deeply than those which show the inner 
“layer as a single homogeneous stratum, the latter is divided into 

) two layers, the outer of which is less deeply stained than the 

/ inner and about one-half as thick or one-fifth of the thickness of 
the whole cuticula. The wavy nature of the cuticula and the base- 
“ment membrane were found to be as described by Loennberg, but in 

| many places’ the membrane is.separated from the cuticular muscula- 

- ture by a very thin clear space barely panama opeahie with high 
| powers. The cuticula covering the scolex was found to be about 


f 


4 2 thick, the difference between it and that over the proglottides 
| being due to a thinner homogeneous stratum. The outer layer of 
| the cuticula is not modified to form spinelets on the posterior 
| borders of the proglottides, as in C. crassiceps (vide infra), nor 
| on the edges of the terminal disc, but the pseudocilia are somewhat 
| longer and relatively stouter on the scolex and anterior segments 
| than elsewhere. 

The sudcuticula, from 25 to 50 in thickness, has the 
| nuclei of its spindle-shaped cells arranged at various levels so 
that the space between the cuticula and the vitelline follicles is, 
| excepting for its outer one-third, well filled with them (Fig. 43). 


The chalk-bodies,described by Loennberg were not studied — 


» in living material, but spherical spaces which were occupied by 


| them before they were dissolved out by the acetic acid of the fixing 


agent, were found to be more numerous, as Loennberg stated, in the 
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eortical than in the medullary parenchyma. In the scolex they 
are somewhat more numerous than in the strobila, in both of which 
Biepations they attain a diameter of lap. 

gi... Loennberg (1891 : 53) gave a good description of the mus- 
 Gulature of the spcies, while luehe (1897a : 747) referred to that 
of the posterior border of the proglottis in the discussion of the 
| arrangement of the muscles of the whole order. In addition to 

E corroborating the findings of these avthors it was noticed that 

the fibres of the transverse series are mostly confined to the very 
» short regions between the sets of reproductive organs and are most 
Mumerous just ahead of the prominent segmental furrows mentioned 
‘above, this applying to both the inner and outer lots. Towards 

; the median line ach layer of longitudinal muscles is about 55 fk . 

in thickness and composed of bundles of various sizes in which the 
‘fibres are very closely arranged. The outer longitudinal muscles, 
the extension of which into the posterior borders of the segments 

) immediately behind the scolex are only weakly developed, are con- 

| fined in the scolex almost completely to very thin bands situated 

| close to the cuticular musculature in the edges of the bothria, as 
| described elsewhere by the writer (1914b : 92) for H. globuliforme. 
| There is also a weak series of longitudinally arcuate fibres ar- 
Tanged around the edges of the terminal disc as in the latter. 

q Loennberg (1891 : 54-56) described the nervous system so 

} Well that little needs to be added. It waa noticed that the fore- 
most four large branches from the brainoomplex were not relatively 


as large as those shown in Loennberg's Fig. la, and that the com- 


| missure appeared to be divided into two not distinctly separated 
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} frontal strands, the whole depth of which, including the space 


H 


between them, was not as much as that shown in his Pigs “lies In 


“the strobila the chief nerve strands, each from 15 to e54 in 


- diameter, were found to be situated towards the ventral side of the 


)tiedulla and at the junctions of the lateral and median quarters of 


“the latter, as sbown in Fig. 43. 


eH * 
: 


The excretory system of B. scorpii was described in detail 


S by Fraipont (1881 : 8-12), while Loennberg (1891 :53-54) added some 


| further notes on its structure, the former, however, working on 


g "ss > 7. ¢ 7 a2 
living material in which the canals are much more readily seen. 


In good toto preparations the "canaux descendants" may be easily 


| geen in segments showing the reproductive rudiments as well as 


mB tarther forward. Owing to a mere accident, temporary preparations 


| were made with more or less constant success, showing the details 


| of the reticulum of descending canals in great detail. When some 


picces of a strobila were being transferred from synthetic oil of 


Wintergreen to a slide for the preparation of toto mounts by the 


further addition of xylol-damar, they suddenly became opaque white 


and remained so for some time after the damar and cover-glass had 


! been added. This opacity was found to be due to air having been 


: drawn into the excretory canals not only turu their cut ends but 


thru the foramina secundaria. But since the superficial reticulum 


a 
)end all the finer canals were filled with air, nothing of the ar- 


| rangement of the larger canals could be made out until a short time 


\ 


1 had elapsed or until the preparation had been heated slightly. 


e Then the air in the smaller canals became replaced by the xylol- 


| damar or become dissolved in the latter, and the larger-canals 


we 24 vat teodly Hae 0 ddan x. S00 


= ne i Ns 
i ¥ ‘ | t a 
; & 33 sat ‘ait i Wo 
4 a is fe | & ea 
Cue, * oF et SiS Syeapez* | G er tt ve cong 
] é me i rout oe ~o 2 4) : ha | nit es ba 
iy (i S S70 2°os Baty 
ms Son0s sini int pe ie 


eoap nl elende gotinepeal. to. gig 
ort rystsner® vir: = cia al te ‘onte ae 
ésitisae ofo pes heprene ne nt ae? AY | of 4 
(+ Suntec yineshon yeah comebeiolee Se meeee 
<4 OO) te a | qicg Ds Mis PaoOe Oo Oe 
vol tid Gf ulead, oF tae ‘aie Ve) LGBiD git? 4 i 
Yieds wise Cine Soe liad Mrtareaes be 
Lele ST tigiie gall eect. dual waste, alge -Regtalae 
ee 2 

putes Shag ae Bl eae eet giving, ssa 

J tte 0g Teka ae .sfioed batadhey roguat ie 
ife beteen ried ae eu 08 MERI, aan asain 
its ek, hi sepes ecnaias AOL a Ah | 


Lopnas > ecg Be bape (pei at ARO 
Ly) . 


163 


; stood out as very distinct silver threads. This sort of pre- 
wparation is unfortunetely not permanent, since after a few minutes 
Natt of the canals disappear, excepting the largest which can still 


Be followed as in ordinary toto mounts. The results of this some- 


f 
\ 


ee 
‘what uncertain method of demonstrating theexcretory canals are 


a shown in Fig. 44, a camera lucida drawing made while the canals 


/were quickly disappearing from view. Three of Fraipont's large 


"canaux descendants" can be seen together with much of the anas- 

) tomes among them and at least two branches to foramina secundaria. 
q The largest and most median canal was found to have a diameter of 
5Op . But contrary to what was stated by Fraipont (1881 : 9,:11) 
Only six of these main channels were found close to the ventral 
dayer of longitudinal muscles in the meduallary parenchyma and not 
, six for each face. Loennberg stated, correctly it seems to the 

| Writer, that their number is very variable as is their size and 

| course, the whole forming a complicated reticulum showing the 

| typical "island formation". As regards the termination of the ex- 
fh ecretory vessels at the posterior end of the strobila the writer was 
| able to confirm Fraipont's 1881 : 10-11) statement that: "Chez un 
4 sujet qui a déjd perdu des proglottis, les gros canaux longi tudi- 
naux sont rompus au niveau du bord libre postérieur du dernier 

| Segment. Les uns communiquent directement avec l'extérieur, les 
| autres ne sont renfermés et se terminent en cul-de-sac," but no 

j cases were met with in the material at hand in which it could be 

j considered that no segments had been lost. Towards the scolex the 


} 91x vessels gradually come closer and closer together until in the 


first segments they may appear for short distances in two sets of 
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} Rudolphi (1810 : 50) described them in these words: 


three each, dorsoventrally situated, but soon again become lost 
in their anastomases. Entering the scolex four, three, or two 
“main Canals may be seen, but here they cannot be followed as such 
/ thru many sections since they soon break up into the recitulum 
mentioned by Fraipont as ramifying thruout the scolex. 
| Of the generative organs the earliest writers were able 
to discern only the external openings ("oscula" and the uteri — 
| which, showing their contained dark brown eggs thru the body wall 
| as & longitudinal series of dark punctations, gave origin to the 
| specific mames of Zeder (1800) and Rudolphi (1802 and 1910). Con- 
Cerming these characters Mueller (1788 : 5) wrote as follows: 
"Margines corporis depressi intersectione 

-articulorum crenati apparent; oscula in anterior- 

ibus articulis nulla adsunt, in posterioribus vera 

altera in pagina pori in macula albida nigricantes, 

in altera papilla alba subelevata, punctaque seu 

globuli utringque dispalati, qui ovula. Oscula seu 

pori non seriem rectam in corpore. Taeniae sed 

hine et illine divergentem constituunt, alterum in 

centre articuli, alterum in intersectione constitu- 

um. Articuli postici reliquis latiores punctis 

utrinque dispersis medio autem coacervatis papillu- 

lamque exhibentibus repleti sunt; herum coacervatio 

oculo nudo punctum centri nigrum offert, armatus 

vero ovula seu globulos e membrana ovata pellucida 


punctulis nigricantibus impleta constantes discernit". 
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"Singuli enim articuli in superficie 
dorsali nodulum orbicularem, simplicem yel dupli- 
cem, subelevatum, vel albidum vel fuscescentem 
ant nigrescentem exhibent; in superficie autem ven- 
trali nodulus simplex vel duplex, pariter, sed 
Minus, exstans, quasi perforatus videtur; corpor- 
eque pellucido nodulis illis linea corporis media, 
plerumque tamen irregularis oritur. WNoduli aperti 
Ovaria sistunt, oviagque ellipticis mediocribus re- 
ferti sunt, haec etiam saepe circa eosdem effusa 
sunt." 
From these descriptions it is to be seen, incidentally, 
that While Mueller made correct observations concerning the rela- 
tions between the positions of the genital openings and the trans- 
“verse furrows mentioned above, Rudolphi considered the ventral 
| surface to be that on which the openings of the or and vagina 
| are situated and the dorsal that on which the uterus opens to the 
Betaxior. Van Beneden (1850) scems to have been the first writer 
| to describe the anatomy, with, however, some errors of interpreta- 
tion as pointed out by Loennberg (189le). After Loennberg's the 
| best and practically the only description of the scenitalia was 
} Siven by Matz (1892 : 105-108), ariola (1900 : 394-7) and Luehe 
(1910 : 25) obviously copying in part at least from him. 
q The earliest traces of the reproductive rudiments appear 
in toto mounts of this form about 35 to 40mm. from the tip of the 


| scolex, From this region backwards they increase in size, but 


| 80 slowly that in large strobilas there may be an intervening 
'* 
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Stretch of at least 225mm. before the genital sinus appears. 
“Then the rudiments differentiate very quickly, the first eggs 
appearing in the uterus-sac about 2mm. farther on in one toto 
)mMount made. In the largest strobila at hand (no. 197 above) the 
first génital sinuses were seen, when the wormwas examined in 
- alcohol, about 575mm. from the tip of the scolex and the first 
traces of eggs showing thru the ventral body wall about 30mm. 
"farther on. 

Van Beneden (1850 : 162) seems to have ben the first to 
mention the relations between the external segments and the sets 
of reproductive organs. He said: "Dans chaque anneau, ilya 
deux on trois appareils males et femelles complets ; je pense que 
' @@s anneaux se divisent encore plus tard, de mayiere & n'avoir 
plus qu’ un appareil dans chaque animal," -- (the "animal" is 
Cvidently a misprint for "“anneau"), -- and further in his footnote 
referring to the superscript after "complets": "J'ai vu des anneaux 
G@uijen contenaient jusqu'a Six." In his Fig. 4, Pl. XXI, he 
ahowad four parts of the strobila containing evidently three or 
four sets of reproductive organs in each segment, with the latter 
subdividing so that two sets appeared in each subsegment in the 
fourth part of the figure. lLeidy (vide supra) described the pos- 
/ terior segments of B. scorpii as " ... quadrate; each with an 


appearance of three subdivisions, with the subsegments having a 


pair of generative apertures, in the course of a longitudinally 


depressed, dark colored line, passing the length of the body." 
Linton (1890 : 733) referred to "the phenomenon which the posterior 


segments present of being welded together in groups of three or 
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four, an appearance which is quite characteristic of the posterior 
gments and which has been alluded to in various descriptions of 
Ethe species," while further, in connection the apertures of the 
Meeproductive organs: "In the middle of the strobila there sometimes 
appear to be as many as four or more papillae to a single segment," 
fanad with reference to the specimens from Leaphopsetta maculata: 
Bie 2. toward the posterior end of the body the adult segments are 
arranged in groups of from four to six simple segments, as if the 
“latter Were partially fused together, which is another characteris- 
Dic of this species." From these statement and the further fact 
)that the posterior proglottides have been described as trapezoidal 
(Stossich), quadrate (Rudolphi, Linton), subquadrate (Diesing), or 
Hat most, broader than long (Rudolphi), -- actually about twice as 
broad as long from Linton's (1890 : 732, 734) description, -- it 
is evident that the groups of four sets of reproductive organs 
(much less frequently three, five or six) shown here in Figs. 42, 
45 and 46, and separated from each other by grooves which in alcoho- 
| lic material appear to be complete, have been considered to consti- 
| tute the ripe proglottides. But, as pointed out by Loennberg, 
Bins lesser transverse furrows are only "greater wrinkles or foldings 
of the surface" and do not cut in deep enough to cause the parts 
| immediately ahead to stand out distinctly like the posterior borders 
| of the proglottides of other species, e.g., 0. crassiceps. Such 


| posterior borders, with their accompanying "complete" transverse 


q furrows, do occur, however, but only at considerable intervals. 


| One case is shown in Fig. 47, where it will be noticed there is no 


| such distinct separation of the proglottis from the next one ahead. 
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So far as the writer is aware, this has been pointed out only by 
Suuene (1910: 25) when he said: "... in reifen Gliederstrecken 


; “a y . 
Siaegen zwischen zwei vollig durchgehenden, aber auch nur wenig 


Hervortretenden oberfluchlichen Querfurchen in der Regel 16 sehr 


- Zackenbildungen des Seitenrandes gescheiden sind." In this con- 
nection it should also be noted that in his description of 

| Fimbriaria fasciolaris (Pallas), a taenioid from various water 
Hbirds, Wolffhiigel (1900 : 94) remarked that it is comparable to 


B. scorpii in that fine bis ins aussergewohnliche gestiegerte 


In a considerable length of one toto mount of this form 
| there were found ahead of and including the region of differentia- 


tion of the reproductive rudiments the following consecutive number 


| (from behind forwards) of zenital segments between the most 


» nounced transverse furrows, that is in the primary segments in 
| question: 67, 82, 101, 107, 80, 111, 116, -- using as the criterion 


of a genital segment, especially ahead of the region of differen- 


) tiation, the aggregation of nuclei in the median line which will 


| go to form the central organs and ducts of the system. But there 


fF i8 much difficulty in making these counts on account of rudimentary 


| or intercalated groups of nuclei which, judging from conditions to 


| be Been in theregion of differentiation, may or may not form complete 


| sets of cenitalia, and above all of the further subdivision of 


many of these rudiments, which otherwise proceeds in quite the same 
manner (Fig. 42) as that of the external segments in the anterior 


|| part of the strobila. Furthermore, there may often be seen either 
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in the anterior part of the region of differentiation or much 
farther ahead (Fig. 42) a lateral doubling of the developing 
genitalia. But since no case was met with of two sets of repro- 
ductive Organs in a ripe genital segment, it was concluded, es- 
pecially because of the great infrequency of this duplication, that 
one or the other rudiment eventually gets the upper hand and 
‘develops at the expense of the other. This is borne out by the 
)fact that in half the cases one rudiment was much larger than the 
other. The above mentioned groups of rudiments were found to be 
‘divided and subdivided by less and less pronounced transverse 


_ furrows in the following manner: 


B4419 10+14 14421 18413416 16414412412 20412415 

| This continued until eventually the groups of four (or five, rerely 
| six) sets of genitalia of the anthora could be made out. But 

| these were seen to be divided into two groups of two sets each, so 

p that each lateral crenulation corresponded to two (or three) of 

q these, i.e., to the 1-32nd division described above (Fig. 33). In 

_ ripe segments this arrangement may obtain or the segment may divide 
| again peripherally, so that each crenulation then corresponds with 

‘ One set of genitalia (Figs. 45 and 46). The latter holies show 


| that "complete" transverse furrows are present between every 8 or 


| 9 (sometimes 7, or apparently even 3, 4, 5 or 6!) genital segments. 


| However, other more relaxed strobilas in alcohol showed complete 
| furrows only every 16 ot 17 sets of genital segments, these often 
.- 
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being a group of 5 instead of the much more common group of four, 

» ®% in the same neighborhood of the Strobila just as complete 
grooves every 8, 9 or 10 sets. This shows that a grouping of the 
‘genital segments into lots of approximately 16, as mentioned by 
Luehe (1910 : 25) is not at all regular and can scarcely be said 
to occur 6ven "as a rule". 

Mich: The genital sinus is situated on a low papilla (Fig. 47) 
on the dorsal surface and in the median line from one half to two- 
thirds of the length of the genital segment from tee ee 
eeraer, while the uterine opening on the ventral surface is located 
mer much farther forward even at the bottom of the groove corresponding 
| Rie the indentation of the edge of the strobila, separating the 
erenulations mentioned above. The sinus itself is: circuilaryjin 
| | outline and from 40 to 45u in diameter by 15 to 20% in depth. 


| | At its bottom the cirrus and vagina open close together, the latter 
| @ 


p ammediately behind the former, thru a secondary sinus or ductus 


; 
| hermaphroditicus, the walls of which are often found protruding 


thru the opening of the larger vestibule as if to form part of a 
: functional cirrus (Fig. 47). 
} The testes are arranged in two lateral fiels in the 
medullary parenchyma, as pointed out by Loennberg, and are contin- 
uous from segment to segment, altho they show some tendency towards 
/ division interproglottidally. The number was given by Matz (1892 
106) as about 76, with their size as 40, 8 , but here it was 
found to be 30-60, while their size was 35 to TOK , 60 being the 


commonest measurement. The vas deferens, filled with sperms, forms 


@ compact mass of coils about 0.18 x 0.10mm. in size, lying 
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irregularly to the right or left of the uterine duct or slightly 
‘behind the sac and immediately alongside the cirrus-sac, as shown 
an Fig. 48. The ductus ejaculatorius portion of the vas deferens 
Within the cirrus-sac, that is, that part occupying the lowermost 
one-third of the latter, has a diameter of 4 to Sp - The middle 
stretch of the duct often expands to 13%, while the distal part, 
the cirrus proper, has a maximum length of 65») with a width of 


Ll4p . Matz gave the dimensions of the organ (7? the cirrus-sac) 


i 


Nae 100 x 50%. The cuticula lining the cirrus is pseudociliated 
‘on its inner (functionally outer) surface, somewhat as is that on 
Phe external surface of the worm. The cirrus-sac is located at 
eight angles to the dorsal surface (Fig. 47) and extends only a 

F short distance into the medulla, as compared to other species. It 

| Bis Ovoid in shape, with the narrower end towards the cloaca, and 
| 115-1204 in length by 75-80 in diameter. Its wall is composed of 
Seem immer thick layer of circular muscle fibres and a very thin 

fF Outer layer, the fibres of which are directed somewhat obliquely, 
the whole being 8p in thickness, As pointed out by Loennberg and 
shown in Fig. 47, the organ is peculiar in that its wall is coated | 
both externally and internally with a thick layer of nuclet which 
are doubtless mostly myoblastic in their nature. An aggregation of 
muclei at the lower pole of thejsac, surrounding the vas deferens 

} and continuous with the layer of nuclei on the outside of the 

| | pouch, seem to be too numerous to be considered ag myoblastic 

) nuclei only. . They do not seem to be mentioned either by Loennberg 


or Matz. Their arrangement would indicate that they are possibly 


' prostatic in their nature, the whole structure having the appearance 
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of & gland. Retractor muscles of the cirrus proper are scarce. 
This fact taken in conjunction with the further fact that the 
wall of the sac is quite thick and powerful and that Loennberg saw 
a short thick cirrus when protruded, would lend support to the 
haw that the latter is quite small and not very important fronla 
functional standpoint. Concerning copulation in this species 
‘Loennberg said: "Es ist daher wahrscheinlich, dass die normale 
Befruchtung so vor sich geht, dass das Sperma in den Sinus genitalis 
hineusgepresst Wird, und davon entweder passiv durch die Kontrak- 
tion der Sinus genitalis oder aktiv durch eigene Bewegung in die 
Vagina gelangt. So wohl die eine als die andere Weise scheint 
“recht moglich zu sein, weil die Mindung der Vagina ganz neben der- 
“jenigen dés Penis -gelegen ist." 
The vagina opens into the ductus hermaphroditicus close 
| behind the cirrus, and from that point passes close along the cirrus 
| sac to its lower end, and then turns back to pass over the ovarian 
P isthmus and into the generative space. ts diameter is 13pm; while 
its wall is composed of a cuticula 5yin thickness and a thin layer 
| | Of circular muscles. Its cuticula is retained until the point of 
| ) union with the oviduct is reached, where the lumen narrows down 
| } suddenly to one half the former diameter (Fig. 49). The ovary is 
| | somewhat irregularly "biscuit-shaped" (Fig. 48) situated close to 
Bh the posterior border of the segment or protruding slightly into the 
segment behind. It is composed of short tubular lobules of varying 


} size and has a width of 0.35mm. and a length of 0.15mm. In trans- 


| sections it is seen to be "concave towards the surface bearing the 


| genital openings" owing to the fact that the ventrally situated 
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Hsthmus is quite narrow and thick and consequently not well 
separated from the lobular rings which extend thruout the whole 
dorsoventral Giameter of the medulla and also somewhat enfold the 
former posteriorly in the median line. Ova from the isthmus are 

: Po in diameter, while their nuclei and nucleolé average, respec- 
tively, 7 and Spe. The oocapt is quite muscular, and 35y in 


@iameter. The oviduct proceeds dorsally for a short distance only 


before it is joined by the vagina at a vestibule into which the 


oviduct itself opens (Fig. 49) by a narrow slit much as in OC. 
erassiceps. The wall of the duct is composed of an epithelium, in 
which no Bett wounds rtied could be made out, but provided with cilia 
directed towards the uterus. The oviduct continves dorsally for 
et enort Gistance with the same structure and diameter, namely 

Le i. ; vo take on the vitelline duct dorsal to the anterior edge of 
"the fecumues Ihe vitelline follicles are arranged in the cortical 

| parenchyme in two lateral fields (Fig. 48) which are, however, 
slightly connected with each other dorsally andlventrally in the 
median dine Dy a few isolated follicles. No large follicle such as 
| that described by Matz in the neighborhood of the ovary was seen in 
| the material studied. The follicles vary somewhat in size, but 
“average 35 to 55 in diameter, are very closely crowded together, 

P =~ so as to obscure in toto preparations the testes beneath them, -- 
and continuous from proglottis to proglottis. The latter fact 

as ds it difficult, if not somewhat unnecessary, to state the number 
| for each genital segment, but, using Matz's method of multiplying 
the average number seen in transections by that seen in Sagittal 


| sections (here the average of several segments was taken), the 
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Humber was found to vary from 350 to 540, or 440 on the average. 
Motz gave 490 as the number. Two main vitelline ducts proceed 

_ »Opposite sides of the genital segment and unit in the antero- 
dorsal portion of the generative space to form a very short common 
5a 


luct which from the amount of yolk it usually contains may act as a 
74 


vitelline reservoir, altho the same function is shared even to a 
larger degree by the much coiled and distended proximal portions 
of the separate ducts. A few cases were met with in which small 
‘ducts dagen with yolk came from follicles clearly belonging to the 
genital segment following. This condition is, however, not sur- 
‘prising in view of the continuous arrangement of the follicles 
‘themselves. The diameter of the common duct at its point of union 
Pith the oviduct was found to be about 8y. The very voluminous 
gheli-gland is situated dorsal to the ovarian isthmus close behind 
“the cirrus-sac with a depth of 85m and width of 1154. The 
uterine duct is quite capacious since it is composed of may coils 
extending thruout the whole depth of the medulla immediately ahead 
of the ovary. Proximally it is lined with a syncitial epithelium 

| which distally becomes much attenuated. While it is usually 
situated in the median line it may alternate from right to left as 
a whole according as the vas deferens does so on the opposite side 
| of the progiottis, the uterus-sac in such cases remaining in the 
“median line. As above noted, the uterus-sacs were called "ovaries" 
| by the early writers. They were ee thru the body wall to be 
 ‘filied with the characteristic dark brown eggs forming dark patches 
| or punctations, hence the specific names bipunctata and punctata. 

| In this species the uterus-sacs were described by Rudolphi, 
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Lenckart (1819 : 41), et al. as arranged in a single row, ina 
double row, or alternating thruout the strobila. Here they were 
@ikewise found to alternate irregularly from side to side (Fig. 46) 


5 Lae 


€.g., 2, ier fe top heel el ey Mi ete.) or to be more 


medially reer er.. We, ley is Me, Bey M., be, Ms, T., Le, mM, 
; 


ene, M., m., etc.) but never in two rows, excepting in a very 
‘few inmature genital segments (Fig. 42), unless the alternating 
cond tion in much contracted strobilas is considered as such. 

While the sac has a diameter of about 0.18mm. when the first eggs 
appear in its lumen, it may reach a length of 0.35mm. and a trans- 
Bétee Giameter of 0.32mm. or about one-sixth of that of the pro- 

glottis. The combined uterus-sac and uterine duct may in many 

cases Occupy more than one-third of the width of the segment. The 
) hindermost segments, in which the uterus-sacs may be gorged with 

eges to a diameter of 0.65mm., separate from the chain evidently in 
pairs, the lines of division taking place at the furrows between 
) the larger crenulations mentioned above. No detached proglottides 
were found, however, free in the intestine of the host, altho 
Olsson (1867 : 55) recorded having found such, while Weinland 
| (1858 : §) said that, according to Eschricht, the species "which 
lives in the scalpin of the Baltic (Cottus scorpins) throws off its 
whole chain of joints every year, and then sends out a new one from 
"the neck, Like that of the distal portion of the uterine duct the 
D wa12 of the sac is composed of a much attenuated epithelium from 
"the basement membrane of which the nuclei, separated by wide in- 


| tervals, project into the luman-like bosses. The uterus-opening is 


) Situated ventrally in the middle of the uterus-sac, and with regard 
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to the external segmentation cither in the middle of the larger 
(double) segment or in the groove separating it from the next ahead 
: 

lr behind. Circular in outline and 50» in diameter, it is sur- 


rounded by an area of radiating nuclei, thought by Loennberg to be 


Mpeeeibly of the nature of a gland for the secretion of a material 


i 


of use in the passage of the eggs to the exterior. The actual 
“opening is formed by the rupture of a membrane guarding the outlet, 
“which has a thickness of from 15 to 30p. (Cf. C. crassiceps). 

¥ é _ The fresh ese is ellipsoidal in shape, dark brown in color, 
and measures from 36 to S0# in length by 43 to 45 pore bee 
Ddiemeter. The shell was observed to be »bout 9p thick in living 
‘material and not provided with an operculun. No mature eggs show- 
ing #he six hooks of the oncosphere were met with in fresh material 
in the field. 


Nothing was discovered regarding the life-history of this 


| form, not even possible intermediate hosts in the way of food 


3 Gontents, for the stomachs and intestines of the few sea-ravens 

| €xamined were all found to be empty. Linton (1890 : 732) gave as 
| the food of Lophopsetta maculata and Limanda ferrugivea, from which 
» he recorded Dibothrium punctatum Rud., "several species of Annelids, 
| fragments of Sguilla, and several specimens of a species of 

| Margarita." No specimens smaller than about 25mm. in length were 

) obtained, so that the appearance of the youngest strobila was not 

' Observed. According to Udinsky's abstract, Pilat (1906 : 191), 

| working on B. scorpii from Raja clavata of the Black Sea (the only 


4 
| case of the species having been found in a selachian fish, so far 


| as the writer ig aware) established the fact "dass séine Larven in 
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den veschiedenen Fischen oder Tieren, welche von Rochen (Raja 
clavata) gefressen werden, sich befanden." 

= Prom the foregoing description it is to be seen that this 
‘form is very closely related to the B. scorpii (Mueller) of Europe, 
altho in many respects it is so different as to almost warrant the 
erection of @ mew species to accommodate it. However, on account 
Meaethe fact that several forms of the European species have been 
peeported, namely, B. scorpii forma bubalidis and forma motellae by 
“Loennberg (1889 : 32 and 1893 : 13) and those from Rhombus maximus 
and Cottus guadricornis by Schneider (1902a : 14-15 and 1903 : 
75-78), it was considered that here in America we have the same 

) species as has been found in Europe. And from a comparison of 

_ the measurements given above with those given by Leidy (1855': 444) 


Mand Linton (1890 : 732, 734 and 1897 : 430), it seems that, little 


u 


as we can reiy on external measurements, they also point to definite 


@ifferences of habit as this worm is found in different host 

q Species on this side of the Atlantic. 

In the gable given below under B. claviceps the important 

| diagnostic data of this form are placed alomside those of the Euro- 
| pean species for the sake of comparison. 


q The material studied consisted of lots Nos. 191, 196, 197, 
| 198, eo’, and 288 of the writer's collection from the intestine of 


| Hemitripterus americanus (Gmelin), No’ 127.57 of the Coll. Univ. Ill. 
\ 


from the same host, and No. 17.56 of the same collection from 


Myoxocephalus ? aeneus. 
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Species 2. Bothriocephalus claviceps (Goeze, 1782) 
(Figs. 50 = 55.) 


1722 Vermis mailtimembris Leeuwenhoek vec 3 490 
anguillae 


Taenia anguillae (part.) Mueller 
Taenia 
1786 Taenia claviceps Batsch £786 ¢ 211 
faenia 
Taenia 
1790 Taenia claviceps Schrank 1790 : 46 


claviceps Goeze 1782 3; 414 


anguillae Batsch L786 3° 253 


anguillae Gmelin 1790 3: 3078 


Rhytelminthus anguillae Zeder 1800, 2 215 
Taenia claviceps Rudolphi 
Taenia anguiilae Bosc iBOZ : 307 


Rhytis claviceps zZeder 1805 <: 2935 
Rudolphi 18slO : $7 


Bothriocephalus clavi- 
ceps 


Bothrioc. 
1819 Bothrioc. clavicenps Rudolphi 1819 : 156,472 


claviceps Lamarck 1816 : 583 


1819 Bothrioc. claviceps Leuckart 1819 : 49 


~ 1824 Bothrioc. claviceps Nitzsch 1824 ;: 97 


1844 Bothrioc. claviceps Bellingham 1844 ; 251 
1845 Bothrioc. claviceps Dujardin 1845 : 618 


Bothrioc. claviceps Siebold 
Dibothrium claviceps 


Bothrioc. claviceps Baird 1855 : 89 


Diesing 


Dibothrium claviceps Diesing 


Dibothrium claviceps Polonio 1859 3 225 


Dibothrium claviceps Molin 1859 ° 8 


Dibothrium claviceps Diesing 


Bothrioc, clavicess Olsson 1867 3; 56 
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Bothrioc. clavicepp Carus 1885 ; 120 
Bothrioc. claviceps Matz 1892 3: 108 
Bothrioc. claviceps Olsson L895 : 16-17 
Bothrioc. claviceps Ariola 1896 : 280 
Bothrioc. claviceps Luehe 1899 : 45 
Bothrioc. Glaviceps Ariola 1900 : 395 
Bothrioc. claviceps Fuhrmann 1902 ;: 441,447 
Bothrioc. claviceps Luehe LGio ¢ 25 


Specific diagnosis: With the characters of the genus. Large 


cestodes up tp 540mm. long by 2-5 wide. Scolex small,elongate, 
but usually found contracted to an almost spherical shape; 0,6-1.5 
mm. long by 0.5-0.5 wide at the middle. Prominent terminal disc. 
First segments thick. short and crowded; middle,oblong; posterior, 
or ripe proglottides,usually 2mm. broad by 0.5-0.7 long, often qua 
drate. arranged in groups of two, between which the transverse 


furrow is not prominent, Other transverse furrows well marked. 


Cuticula 1-24 thick, Calcareous bodies very scarce, Main 
longitudinal muscles not in bundles. 4-6 chief longitudinal ex- 
cretory vessels. 

No genital papilla; genital cloaca funnel-shaped, midway be- 
tween anterior and posterior borders of the progiottis. Vagina 
opens immediately behind the cirrus-sac; no separation bettween 
common cloaca and hermaphroditic duct. 

Testes large, subsSpherical, averaging 584 long, 644 wide and 


60 deep; 50 to 60 for each proglottis. Coils of vas deferens 


loose, close behind uterus-sac, 0.55mm. wide by 0.07 long. Cirrus 


pouch ellipsoidal, 127-145 deep oy 81-104 in diameter,thin-walled. 


Ovarycompact, 0.45-0.55mm. in width, 0.055 in length by 0.ks 
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in depth; isthmus quite thick,ventral. Oocapt 30y &n diameter. 

Vitellinefollicles not separated into two fields on either surface, 
450 to 720 in number, 45, 80,and 85yin length, width and depth, re- 
spectively; vitelline reservoir large,l175 x 65". Shell-gland pos- 
terodorsal, alternating irregularty from right to left opposite the 
vas deferens. Uterine duct quite voluminous,between ovary end utte 
rus-sac. Uterus-sac transversely elongate, occupying one third or 
more of the transverse diameter of the proglottis, usually larger 
towards the side bearing the opening; openings form a zig-zag ven- 
tral row. 

Egg, 58-83 long by 37-40 wide, without opercula; light in 
color, show only faintly thru the body-wall. 

Habitat; In the pyloric portion of the intestine of the hodt. 


Host Locality Collector Authority 
Anguilla vulgaris ---------- Leeuwenhoek Diesing 1850 :590 
: wee eeeee-- Zeder : ” " 
4 Rennes Dujardin Dujardin 1845:618 
a! i Patavia Molin Diesing 1863:241 
; e d Onegasee,Russ=- Kessler Schneider 1902:17 


jan Finland 


Sg ee 
3 
—] 


Sinus Codani Olsson Olsson.d; Le67s56 
; ; 4 L.Halland,Swe- ; er 
den 
be f Venice Ninni Stossich 1891:8 
F 4 . Ostsee,Warne- Braun Braun 1891:55 
“ munde and Unter- 
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DUTOLCOPLG 9 o———<=-——--— 2 =~ === ---- Matz 1892:109 
| ; Genova Parona Ariola 1900:394 
i Nancy Prenant Zschokke 1896:818 
. Konigsberg & Muehling Muehling 1898:35 
Memel 
: Peninsula of Schneider Schneider 1902:15 
Porkala,F inland 


i? 


Lake Garda,Italy Largaiolli Ariola 1900:394 


| acutirostris Ireland Bellingham Bellingham1844;251 
| f epee  Sichold,Coll. Baird 1853: 90 
Brit.lMus. 
: Anguilla anguilla Germany = ------------ Luehe 1910:25 
pa n : : : 
migratoria  ---------+--- Kroyer Stiles & 
| Hassall 1912:124 
Muraena anguilla ------------ Borke Goeze 1782:414 
: : Gryphswald Rudolphi Rudolphi 1810:38 
. TO ween nee--- Kais.-konig.- Leuckart 1819:49 
nat’ lkab 
3 Hgore,Scania, Olsson Olsson 1893:16 
Sweden 
: . Lakes Halen & : : iy e 
Refunds jon,Jemnt- 
land ,Sweden 
: ‘ Bénan,Guld of : 4 z 5 
Bothnia 
"  cassini Naples Rudolphi Rudolphi 1819:472 
Anguilla rostrata Chamcook L-, Cooper Cooper 
New Brunswick (the present paper) 
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Eupomotis gibbosus Walnut L.,Mich. H.B.Ward 


1? 


Gasterosteus bispi- Woods Hole,Mass. V.N.Edwards 
nosus 
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Since the earlier writers dealt merely with the external 
features of the species, their descriptions are of little com- 
parative value when the finer distinctions are at stake. In late 
years Ariola (1896 : 280; 1900 : 393), Luehe (1899 : 43), Braun 
» (1900 ; 1676) and Fuhrmann (1902 : 441, 447) dealt with it from a 
Systematic standpoint, and finally Luehe (19810 : 25) gave a short 
Gieenosis, in placing it in his latest classification of the group; 


® but all referred back to the original and evidently only adequate 


deseription of the internally anatomy, namely, that by Matz (1892 
108-110). Here will be given only the most important specific 
data of value for a comparison of the form studied with the de- 
seription by the latter writer, since the accompanying figures 
itlustrate many of the details sufficiently. 

In the material from Eupomotis gibbosus all of the anterior 
progiottides were found to be much broader than long, on account 
of the contraction of the strobilas, while those in detached pieces 
were from four to five times as broad as long, as shown in Fig. 54. 
Apart from Matz, Olsson (1893 : 16) and Luehe (1910 : 25) have 
“noted secondary division of segments, while Dujardin (1845) ori- 
ginally said that "On remarque en outre que souvent les articles 
sont tellement unis deux & deux, que chaque couple parait n'enffaire 
qu'un seul avec une ride transverse et deux appareils céni taux 
1 tunlde vant l'autre." This pairing of the ripe proglottides 
(Fig. 54) is due to the manner of segmentation which was found to 
be like that described for B. scorpii, only quite regular since 
the reproductive rudiments appear relatively farther forward in 


the strobila and seem to be more stable in development. Concerning 
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the arrangement of segments for this species Luehe (1910 : 25) 
said that, "Zwei aufeinanderfolgende Genitalsegmente Busserlich 
haufig nur vollkommen geschieden, indessen fehlen durchgehende 
— auf den Fl&chen nie auf so weite strecken wie bei 

| - punctatus. ") On account of the great degree of contraction of 
a. Strobila at hand, provided with scolices, the primary ségments 
ow ere not followed with entire satisfaction very far beyond the 


scolex, but the first two were seen to be divided into four sub- 


segments each, -- the first one, shown in Fig. 50, including the 


four scgments to the (*) at the side of the figure, -- with some 
Bandication of the next division which would result in eight seg- 
| ments to the primary segment; the third into eight, and so on. 
There were indications posteriorly, however, that the primary 
| segment consists of at least 32 genital segments or proglottides, 
| but as in B. scorpii the furrows separating sets of 16, 8, and 4 
| a become almost as prominent as those between the groups 
of $2, while even those separating pairs are not as faint as Olsson 
(883 : 16) stated and showed in his Fig. 1, Tab. II. At all 
| events it should be emphasized that the furrows are more distinct 


a 


| pend consequently the proglottides better defined, at least external- 
a 


oy, than in B. scorpii. 


The following table gives the measurements of three of the 


] largest specimens studied: 
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Number 
Length of scolex 
a Breadth of terminal disc 
i . at middle 
Depth of terminal disc 
" at middle 
le posteriorly 
Length of strobila 
Maximum breadth 
Width of ripe segments 
beneth of " ? 0-5. 4.0-5.0 


Up to the time when Diesing (1863 : 241) incorrectly 
- described the genital apertures as marginal and alternating, the 
| only references to the reproductive organs of this species were 
| to the uterus-sacs which were visible as faint punctations in the 
| median dine. Carus (1885 : 120) failed to correct Diesing's error, 
Riso that it remained for Matz (1892 : 109) to give the first de- 


| wo 
) scription of the genitalia, upon which we can rely, in which, 


| however, only the differences between them and those of B.scorpii 


i Were emphasized. The earliest traces of the reproductive rudi- 


Ments were seen by the writer about 5mm. from the tip of the 


a 
iW 


| scolex while the first eggs in the uterus-sacs came at about 55mm. 
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vision into an external common cloaca and an hermaphroditic duct 
B55). The important data concerning the rest of the reproduc- 
, rgans are contained in the following table, where only those 


* ap 

parative value are given: 
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B.scorpii B.claviceps 
European data Data by writer European data PB 
Length. 35-600mm. 677mm. 90-540mm. 


MT Gh ceccecece 1-7 3.35 
Length of scolex 0.9-3.0 Dae 
Breadth" " 0.3-1.7 0.35 


Breadth of pos- 4.0 1.8 
terior segments 


Length of same.. 0.22 0.35-0.85 0.5-0.75 


Number of genital 16 S or 16 Less than in 
segments per ex- B.scorpii 
ternal sezment 


Number of longi- 
tudinal excret- 
ory vessels 


Number of testes 30-60 50-60 
Diameter of same 40.8 35-70 60-70 


Dimensions of ‘#00 x50 120 x 80 145 x 109 
cirrus-sac 


Number of vitel- 490 350-540 450-720 
line follicles 


Size af same 30-40 


Arrangement of In 2 separate Dorsal fidéds Dorsal Dorsal u- 
same dorsal fields; slightly uni- fields u- nited;ven- 
2 ventral ted; 2 ventral nited; trals uni- 
Pields weakly fields weakly ventral 
united united fields 
weakly 
united 


Dimensions of 50-80 x 40 66=80 x 43-45 50-60 58-63 x 
eggs 


Arrangement of l row,alter- 1 row,albér- 
| uteri nating,or & rows nating,or 2 rows 
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From the above comparison it will be seen that altho the 
ind viduals from EFupomotis gibbosus (those from which the data were 
aken) do not exactly agree with the European species, they are 
sufficiently close to justify their being considered the same. And 
tt ® Was made more certain to the writer by the examination of some 

gments of the European form, obtained by Professor Ward from 
Dr. -0. Fuhrmann of Netchatel, Switzerland, who took them from 
agit 10 vulgaris in "North Germany". But it should be stated 
‘that in the latter material the cirrus-sac and ovary are smaller 
and the uterus-sac much larger, occupying more than half the dia- 
meter of the proglottis in many places; or the reproductive organs 
‘seem Beeeecome Mature relatively earlier, differences in degree of 
"Gontraction and relaxation being teken into congideration. 

a _ whe material studied consisted of No. 289 of the writer's 
Weoliection from Anguilla rostrata, Nos. 17.33 and 16.456 from 
coll. Univ. I11., the former from Eupomotis gibbosus and the latter 
| fron Anguilla vulgaris (North Germany), and No. 17.54 of the same 
| collection from Gasterosteus bicepinosus. 
ee: 


ppecica S-. Bothriocephalus Cuspidatus spec.nov. 


, (Figs. 56 - 63) 
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i: - Specific diagnosis: With the characters of the genus. 


| Medium sized cestodes up to 180mm. in length by 3.75 in breadth. 
| Scolex large with very prominent terminal disc deeply notched 


| surficially; bothzma long and narrow and quite deep posteriorly 
} giving the scolex when viewed laterally the appearance of an arrow- 


) head; 3.3mm. long, 1.0 wide at middle 3.5 deep posteriorly. First 
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ments subcuneate and circular in transection, with prominent 


sosterior borders; middle gradually broaden until much wider than 


} posterior two to four and.a half times wider than long or 
-2. 7mm. in width by 0.8 a length. Posterior end of strobila 
uajly rounded, even when segments have already become detached. 
| Cuticula 5.5 thick, subcuticula 5S . No calcareous 
bodies. "Longitudinal muscles not in bundles. Four main longitu- 
al excretory vessels. 
Genital cloaca median, halfway between anterior and posterior 
srders of proglottis, deep and funnel-shaped. Vaginal opening 

- behind that of cirrus; hermphroditic duct-obscure. 

| Testes on each side separated into two ficlds by nerve 
_ inner much narrowed than outer; 50 to 60 in each proglottis; 

0, 60 and 80m in maximum width, length and depth, respectively. 
We 8 deferens a large compact mass of coils, elongate and laterial 
0 fee ae-pouch, QO.22mm. long by 0.16 in width, alternates irre- 

. larly from right to left. Cirrus-sac very large and thin-walled, 
“0.28 mm. in length (depth) by about 0.20 in diameter. Cirrus pro- 
truded, 135p long by 85 in diameter. 

q Ovary compact, with limbs often turned forward, 0.60mm. 
Wide, 0.10 long and 0.13 thick; isthmus thick. Oocapt 25-304 in 
} diameter. Vitelline follicles 800 to 1000; 70,50 and 45m in 
maximum depth, width and length, respectively; occupying almost the 
whole of the cortex, strongly united dorsally and ventrally. 
- Common Vitelline duct long and narrow. Uterine duct confined to one 
| tae of the median line, opposite the cirrus-sac, alternating irre- 


| | gularly from side to side. Uterus-sac spherical, occupying one- 
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third of the diameter of the proglottis; opening me dian, close to 
he antewior edge of the latter. 
‘ ' Eggs ellipsoidal 62-66" long by 42-45 wide, oncospheres 


éloped within uteri. 


Meeetbabitat) Casca ahd intéstine of the host. 
. 


a | 
% Host Locality Collector Authority 


¥ 
1 


izostedion vitreun Flat Rock L., Cooper Cooper 
/“{type host) Muskoka Dt., Ont. (the present 
7 paper) 
Giant's Tomb Id., 
Georgian Bay 4 : 


Sandusky, Ohio. H.J .VanCleave Pp 
New Baltimore, Mich. H.B.Ward 
Port Clinton, Ohio Ls 
“ Put=-in Bay, Ohio : 
Stizostedion canadense New Baltimore, Mich. " 


m ce Kansas City, Mo. H.M.Benedict 
aS ar i’ 
Hiodon tergisus Havana, Ill. H.J.VanCleave 


; alosoides . Keokuk, Iowa H.B.Ward 
o7 ¥ ; 


Type specimen : No. 174.2 of the writer's collection. 
| gota’ Co-type : No. 174.3 of the same collection, deposited 
im the Collection of the University of Illinois under the directim 
of Professor Henry B. Ward. 
| > ‘Type locality : Georgian Bay, Lake Huron, off Giant's Tomb 
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So far as the writer has been able to ascertain a descrip- 
dion of this species has not yet been published, nor have any 
pothriscephalid cestodes been cenerked from the hosts listed above. 
% Specific name cuspidatus, here chosen, has reference to the 
peculiar shape of the scolex as seen from the side : cuspis, an 
Beyeeshcad. 
is ce The first segments of this species show subdivision 
eording to the same plan as that described for B. scorpii. Each 
‘primary segment Was seen to be divided into two: segments of the 
eeand order (Fig. 56) and farther back these again into segments 
)the third order, and so on, until, when the rudiments of the 
mproductive organs appear, the primary segment, whose boundaries can 
be recognized by carefully following along backwards from the 
ieolex, contains 33 of them. This plan can be followed well into 
“the region of differantiation. There is not nearly so much irre- 
 gularity, introduced by intercalated segments and the subdivision 
| of Others, as in B. scorpii, altho the same sort of dominance of the 
“anterior ends of the major divisions over their posterior ends is 
seen not only in the size of the subdivisions and that of the re- 
Baresuett re rudiments but, in the beginning of the region of differ- 
entiation, in the rate of differentiation of the common rudiment 
| into the different proximal organs of reproduction. The latter is 
Be aticated in good toto preparations 2s well as in sections. As 


|} soon, however, as the lumina of the uterus sacs appear the plan 


| becomes obscured by the gradual enlargement of the posterior borders 


|} of the Bubsegments even to those of the fifth order; so that in 


|) turn we can see defined, as we... follow them posteriorly, groups of 
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32, 16, 8, 4, 2 sets of genitalia (Fig. 60). And eventually at 
the posterior end of medium sized strobilas and for considerable 
stretches of the largest, these pairs become separated, and the 
MEMES Gontatnas only’ one sé6t of genitalia. 
eae: No statements can be made by the writer concerning the 
intermediate stages of the life history of this species. It may 
‘be said, however, that many of the earliest formed segments are 
lost long before they become sexually mature, since most of the 
youngest strobilas are found lacking the end proglottis. Constric- 
Pieris at about the middle were present in many of them, as if the 
length of segments behind that region might be thrown off as a 
whole; but, since this was not a constant feature, it was considered 
| to be due rather to the fixation of a wave of contraction: passing 
| over the strobila, such as may be seen in living individuals as 


| well as in plerocercoids of other species of cestodes, e.g. Scolex 


mess 2 The material studied consisted of 24 lots from the collec- 


| tions of the University of Illinois (Professor H. B. Ward), of 


| Dri. J. Van Cleave and of the writer, from the hosts as above 


} Moted. 
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Species 4. Bothriocephalus manubriformis (Linton, 1889) 
(Figs. 64-70) 


Dibothrium manubriforme Linton 
Divothrium manubriforme ; 
Dibothrium manubriforme , 
Bothriocephalus manubriformis Ariola 


Bothriocephalus manubriformis Porona 


Specific diagnosis: With the characters of the genus. 
Large cestodes up to 320mm. in length by Smm. in maximum breadth. 
scolex large, elongate, with prominent terminal disc deeply notched 
‘laterally as well as surficially, constricted posteriorly; length 
a-5.5mm., depth at middle, 1.0, breadth of disc, 1.0. Bothria 
long and very narrow posteriorly where the walls are quite thick. 
First segments cuneate with salient posterior borders which are 
distinctly emarginate; middle, broadly cuneate, less emarcinate; 
posterior or mature many times broader than long and closely crowded 
5 xX O.amm.; gravid proglottides, 2 x 0.4mm. Posterior half to 
two-thirds of the strobila provided with a median line (the com- 
bined uterus-sacs). 


Cuticula 4.5 thick. Calcareous bodies large, 18-26 x 


1l-15p . Longitudinal muscles well developed, in bundles. An- 


teriorly 4 chief excretory vessels. 
Genital cloaca median or slightly displaced towards either 
side, deep and narrow, separated from the hermaphroditie duct by 


&@ narrow muscular velum, half way between anterior and posterior 
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borders of the proglottis. Vagina opens immediately behind cirrus 
or very slightly to one side. 

Testes ellipsoidal in shape, 64-75 wide, 45-60 long, 
64-80 deep; 60 to 70 in number, dorsal in the medulla. Vas deferens 
elosely applicd to inner end of cirrus pouch, 85 long, 175 wide 
and 400 thick, somewhat crescentric in the dorsoventral-transverse 
plane, opposite the uterus-sac. Cirrus-sac long and cylindrical, 
0.50 x 0.14mm., inner half deflected towards the vas deferens, 
walls very thick, composed mostly of circular muscles. Cirrus 
short, usually not extending outside of the proglottis, 30 to 35 
in diameter. 

Vagina with bulbous sphincter near its opening, 50 long 
by 70 in diameter. Ovary irregularly branched but compressed 
anteroposteriorly, 0.45mm. wide; isthmus only ventral. Oocapt 
oOf in diameter. Vitelline follicles extremely numerous, 35 
gong, 60 wide and 85 thick. Vitelline reservoir large, 60» in 
diameter. Uterine duct voluminous on both sides of the median line, 
crowding all other organs. Uterus-sacs alternate irregularly 
from side to side, each 0.45mm. in diameter, encroach greatly on 
neighboring segments, wi thithi ck musculo-glandular funnel-shaped 
ventral portion. Apertures form two lines on the ventral surface 
lmm. apart. 


Eggs 58 x 344, dark brown showing thru walls of uterus- 


Habitat : Intestine of the host. 
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Host Locality Collector Authority 
Tetrapterus albidus Linton Linton, 1889 : 458 
~~“ type host ane Woods Hole,Mass. 

Histiophorus gladius Newport, R.I. . 1890 : 731 
_iIstiophorus nigricans WoodsHole be : 1901 : 448 
(= oe gladius 
Tetrapterus imperator . e 4 " 3 447 
(= T. albidus 
Tetrapterus belone Portoferrajo,Id. Damiani Parona 1902 : 7 
Elba 


Type specimen ; No. 4711, Coll. U.S.Nat.Mus. 
Seo-stype >: No. °16.461, Coll. Univ, Ill. 
Type locality : "Penekese?" 


As regards the segments of this species Linton (1889 
456) stated that, "Immediately back of the head the segments are 
very narrow, and for a greater or less distance, depending on the 
state of contraction, maintain about the same width as the base 
of the head. In some individuals the small anterior segments con- 
tinue much farther back from the head than in the one figured. The 
segments are alternately short and long. This characteristic is 
guite plainly marked in those segments which immediately follow 
the head, is still noticeaWe on the median segments and also on 
the posterior ones, but is not so plainly marked on the latter as 
on the two former." This is due to the plan of subdivision of the 
segments, which is quite like that described for the preceeding 
species. It can be followed with certainty, however, only in 


the “anterior" and "median" portions of the strobila and not pos- 


teriorly where the segments are very short and crowded close toge- 
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ther longitudinally even tho the latter may not show the rudiments 
of the reproductive organs. Fig. 66 is of a primary segment (the 
fifth from the scolex in this case) to show this method of segmen- 
tation. Here there is a marked dominance of the anterior over the 
posterior half of the segment as regards the rate of division; and 
this is seen to be also quite applicable to the subsegments even 
to those of the fourth order. "In one specimen examined," to con- 
tinue guoting from Linton, "the first six segments did not show 
this alternation in size. In the next fourteen segments, however, 
the alternation was quite evident." This indicates that he was 
well acquainted with the division of the segments into subsegments, 
but did not hit upon thexact hanner- in which it is earried out. 

As regards internal segmentation the writer found that, a- 
part from the sets of genitalia, the musculature in general, -- 
and for that matter the arrangement of the vitelline and the testes, 
== bear out Linton's (1890 : 731) conclusion that, "So far as any 


internal characters go, the body is practically continuous." 


Nothing is known of the life-history of this species. 


The material studied consisted of two lots: No. 4711, U.S. 
N.M., from the rectum of Tetrapterus sp. from "Penekese?" deter- 
mined by Linton, and No. 16.461, Coll. Univ. Ill. (H. B. Ward) from 
the intestine of Histiophorus gladius, obtained from Professor 
Linton and evidently the actual specimen described by him in 1896. 
The species was determined and the above diagnosis prepared from 


confirmatory sections of the latter. 
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Dibothrium laciniatum Linton 


Linton (1897 : 485) established this species on the basis 
of the material contained in lot No. 4741 of the collection of the 
United States National Museum from Tarpon atlanticus, the Tarpum, 
and again reported it from the same host species in 1901 (p. 437). 
Luehe (1899 : 43) in his list of the species of the genus 
Bothriocephalus s.str. remarked that "Von weniger cut bekannten 
Arten gehtren anscheinend noch hierher Bothriocephalus laciniatus 
{Lint.) und occidentalis (Lint.)"; while Ariola (1900 : 414) also 
placed it in the same genus as he conceived it to be constituted. 

During the study of B. manubriformis the writer was im- 


pressed with the great resemblance between D. 


laciniatum and it, in 
all but a few details the two being, infact, identical. The mea- 
surements for length and maximum breadth, as shown in the compara- 
tive table below, agree, while those of the scolex and anterior 
segments are as near as can be expected from cestode material which 
is found in various degrees of contraction and relaxation. All of 
the conditions represented in Linton's (1897) Figs. 7-12, Pl. XXX, 
were observed in the material of B. manubriformis studied, -- when 
such obvious errors as, "Fossettes marginal as to head, correspond- 
“ing to the flat surface of body," are taken into consideration, -- 
while the description of the external features, excepting that of 
the posterior segments, applied indetail. But later lot No. 4741, 
U.S.N.M., was obtained by Professor Ward, and the writer learned 


that his suspicions were well founded; for D. laciniatum proved to 


be identical with B. manubriformis. The posterior segments "with 
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breadth one and a half times the length" had different proportions 


from those observed in mature material of the latter species, be- 
cause they were, altho gravid, of quite younger strobilas. The 
material of No. 4741 is, in fact, intermediate between No. 4741 of 
B. manubriformis and the 16.461 of the same species studied by the 
writer, not so much in size, since it does not show the regions 

so well, as in degree of maturity. The fact that "the segments 
are not uniform; one segment with a salient posterior border 
followed by about two with less salient borders is due to the irre- 
gular manner in which the primary segment divides into subsegments 
(vide supra). The dimensions of theeggs correspond, while the 
measurements of the cirrus-bulb, vaginal sphincter, and calcareous 
bodies are the same in the two species: Linton stated that in 

D. laciniatum "The reproductive cloacae lie along the median line 
of one of the flat surfaces of the body. The external openings of 
the uterus lie along the median line of the opposite surface." 
While the former was found to be the case, the latter was not, for 
the openings of the uteri lie irregularly on either side of the 
median line as in B. manubriformis. Furthermore the cirrus-—bulb 
was not found to have "its inner end deflected to the right (left, 
when we take into consideration the fact that the common genital 
cloaca of D. laciniatum was considered to open on the ventral in- 
stead of the dorsal suface) where it communicates with the vas de- 
ferens, which lies in numerous folds in front and to the right of 
the cirrus-bulb," but to alternate irregularly from side to side 
according as the uterus-sac and distal end of the uterine duct 


Occupy the other side of the proglottis, while the gas deferens is 


4 Gawt.«.. oa ~*~ 480 7 Pek i a 


|} ; ae 

| anttrojety teed ‘arated oft ety, Moda 
{8 SaSrah ete Yo fe tere esse iat gree 
Cig teRGuoy xf Aug te, Dave ar) Sete, P a 


42 ‘e 20 Yo BAe AL ale igs 
\ 
“ad bcos th @hle , oats a Pome 


ton) edt “sO peiee ee es 


s & ree - ‘9 mv Ku, x a 
ss (° LLG & Se eee se sor t 
; ~\n ‘ 4 Pa “ 7 ; re * 
i . , O24 m Tu teeg eFrQol dizw owe 
Sy me 4 .) ~< } 
é Ione ’ ‘i cotdw ak 
> cs 4 4 * 
'" PuROeCd. io siozanemth ent 
a r , 
‘ ig F - * Ou “ais Ge en} 
— 
> * ).J- j 74 ~~ Dice Lp AS he: SMEs 
i‘ 
+ - - C4 - ° LS. i ec 
a PY ia] ata) s 
. . 4 ’ 7 - = OU» G4, VU Seca si 
r » q *» é 
"Zbnece 6 ? Bnictexlbew * 
Ps. : 
é = 
= % my wi Sy Me - 

i . Be ,o&20° 44 ee Ot meu 6LyV 


« ‘ - % : 
j ——_ . =) e . j nee x . y'? - 
. . - ‘ i? a hate Pe Oil iAsy : * = - - eo i ary. ia » rai fi 2 - Rt eee! 
eee _ emee — *?@ x. 


& 
i 


Letosila® te..2enad aa any svai .of 
a: comic: tle ele diel age abd peeb teane Dame: oii 
feitaav ed? ao weno Lena iigtas ede MUTA Sea 

ct div setpotadmion oy gist {onhue son 


it o¢, hig: tageh as wood oR 


Fra re: ew oe 


199 


as given above. Altho the vaginal bulb was found to be a little 
Jarger in the material of D. laciniatum, its structure and position 
were also quite as in B. manubriformis. On the other hand no 
muscle fibres completely encircling both genital apertures, such as 
Shown in Linton's Fig. 5, Pl. XXXI,were seen, but what might easily 
be taken for such were formed by the crossing of much curved and 
spread longitudinal and transverse fibres of the body wall, in such 
& manner that the portions intersecting at the four corners run in 
almost circular directions and concentrically parallel to each 
other so as to give the appearance of the whole forming a complete 
ring in each case. The genital cloaca was found to be shallower 
than in the material from Histiophorus gladius, which is evidently 
aque to the fact that the proglottides were younger and not yet 
gravid as in those from the latter host. The uterus-oepening was 
not found to be "lined with cilia" but with irregular rugged pro- 
cesses which are evidently only portions of the lining of the 
developing funnel and the external duct of the same. Finally the 
position and structure of the ovary, of the vitelline reservoir 
and of the various layers of the body exactly correspond in the two 
forms. 

Consequently the writer feels that there can be no doubt 
whatever concerning the identity of D. laciniatum with B. manubri- 
formis, which fact would also seem to be recognized in the Fauna 


of the Woods Hole Region (Sumner, Osborn and Cole, 1913 : 585) 


where the former is not found amone\the cestodes, altho the host, 


Tarpon atlanticus, is listed, and since B. manubriformis was de- 
scribed before D.laciniatum, the latter must be considered as a 


species delenda. 
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B. histiophorus Shipley 


| The writer would also like to call attention in this place 
to the fact that Shipley's (1901) Bothriocephalus histiophorus 
") agrees in all essentials with B. manubriformis, which is almost to 
be expected since both are found in the same host genus. 

The description and figure of the scolex is that of the 
| latter species, altho the true nature of the bothria was not as-+ 


4 
certained by Shipley on account of their almost closed condition, 


which was also seen in many specimens of B. manubriformis by the 

| writer. Consequently it was described, obviously erroneously, 

| as " ... provided with longitudinal slit-like depressions which 
hardly attain the dignity of suckers situated in the dorsal and 
ventral plane." The external features of the strobila are the 
game in both species, altho Shipley was describing a comparatively 
young specimen, as shown in his measurements of the scolex and in 
his figures showing the size of the uterus-sac. The description 
and figures of the genitalia agree in almost all details. It is 
quite apparent, however, that his Fig. V, diagrammatic it is true, 
is entirely misleading as to the proximal connections of the repro- 
ductive ducts, one of which, the ootype, be confused with the isth- 
mus of the ovary. The ova in the latter were also found by the 
writer to be 154 in diameter in B. manubriformis as in B. histio- 
phorus. Besides, his description of these central connections of 
the genital ducts is certainly not that of the genus Bothriocephalus 


for in dealing with the isthmus of the ovary, which he called the 


ootype, he said that "Into this region opens the small shell-gland, 
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| and the ducts of the yolk glands. The shell-gland lies posteriorly 
to the ovary between the right and left halves of that organ and 
with the ducts of the yolk glands it opens into the ootype poster- 
porly"! The measurements of the eggs and the description of the 

| Uterus agree with those of Linton's species, excepting that the 


Opening of the uterus-sac " ... does not seem to be provided with 


meenyonane of the nature of aghincter muscle...." Altho the 


material at hand did not permit of the sectioning of such young 
stages in the development of the uterus-sac, it would scem from the 
somewhat varying nature of its funnel-shaped ventral end, described 
above for B. manubriformis, that in more anterior proglottides 

2% Might be in such a condition as to be easily overlooked. Here 
Shipley makes a statement concerning the probable disposal of ripe 
@ge¢s, which seems to the writer to be the natural conclusion to 
@rrive at after a study of the varying contents of the uterus-sacs 
along the strobila, namely, "From what I have seen I think it pro- 
bable that eges pass out from the tapeworm into the alimentary 

Canal of the host and that in B. histiophorus the eggs pass freely 
out from each ripe proglottis and do not wait until the posterior 
proglottides break off to make their escape from the parent." The 

| nature and arrangement of the vitelline glands, the vagina and its 
bulb or sphincter, the testes in number and position, and finally 
the cirrus-sac, all considered in connection with his Figs. I-IV, 
force the writer to the conclusion that, so far as can be determined 
in the absence of material for study, Shipley's B. histiophorus n.sp 
is identical with B. manubriformis (Linton). 


In the following table a number of important measurements 
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D.laciniatum B.histiophorus B.manubriformis 


Maximum length of 154 mm. 220 mm. 
strobila 


Maximum breadth of 
strobila 


Breadth at posterior 
end 


Length of scolex 


Breadth of terminal 
disc 


Breacth of scolex at 
middle 


Breadth at posterior ; - 0.82 
end 


Breadth at constricticn 0.25 0.21-0.44 
Depth of terminal disc 0.5 0.89 
Depth of scolex,middle 0.55 0.90-1.05 
Depth at posterior end 0.35 0.63 
Depth at constriction 0.25 0.58 
Length first segment 0.7 0.39 
Breadth same anteriorly 0.3 0.28-0.54 
Breadth same posteriorly 0.65 0.50-0.89 
Length of median seg'ts 0.3 

Breadthof median seg'ts 0.3 

Length posterior seg'ts 1 0.16("ripe") 

Breadth of same | 1.5 0.5 ("ripe") 

Length of cirrus-sac 0.4 


Max.diameter of same 0/14 
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Length of vaginal sphin- 
_ eter 


Diameter of same 


jimensions of eggs 


Jimensions of calcar- 
eous bodies 


lumber of testes 


Diameter of ova in 


sees ae S 


Species 5. Bothriocephalus occidentalis 1897 ) 
(Figs. 71 and 73) 


1897 Dibothrium occidentale Linton 1687p ; 
1899 1899¢ 


1900 Bothriocephalus occidentalis Ariola 1900» 


Specific diagnosis: With the characters of the genus. 
Large cestodes with maximum length of at least 310mm. and breadth 


ew. Scolex small, elongate and somewhat rectangular, constricted 


} posteriorly, 1.émm. long by 0.46 wide. First segments somewhat 


—— a 
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| 
| 
| 
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funnel-shaped; middle, densely crowded, ten to twenty times broader 
than long, posterior narrower and longer, 2 x 0.8mm., in groups of 
maree or four. 

Cuticula 1.5y¥ in thickness. Calcareous bodies 18 x léyp. 
Longitudinal muscles in bundles, outer series very scarce. Four 
Chief excretory vessels, two much more prominent than the others. 

Genital cloacae form a nrrow zig-zag row, each very shallow, 
no velum, cloaca and hermaphroditic duct united. Vagina opens 
directly behind cirrus or a little to one side. 

Testes divided into two fiels on each side by the nerve 
strand, 75 to 90 in number, 325, 85, and 115w in average maximum 
length, breadth and depth. Coils of vas deferens loosely arranged, 
@he duct 25 in diameter, alternating irregularly from side to 
side opposite the uterus-sac. Cirrus-sac long and cylindrical, 
0.23 x 0.06mm., walls comparatively thin, most of circular muscles 


being towards the inner end. 
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No vaginal sphincter or bulb. Ovary solid, unbranched, 


0.5-0.6mm. wide, 0.04 long and 0.13-0.18 deep. Oocapt 25» in 


| diameter. Vitelline follicles very numerous, in two lateral fields 
| Om each surface, leaving a broad median strip free, 25, 60, and 


P 215u in length, breadth and depth, respectively. Vitelline reser- 


1 voir 45 in diameter. Uterine duct voluminous on both sides of 


the median line, crowding all other organs. Maximum width and 
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dength of uterus-sac, 0.65 and 0.25mm., respectively; not en- 


| croaching much on neighboring proglottides; ventral portion not 


especially modified, Uterus-openings alternate irregularly from 
side to side near the median line, far forward in the proglottides. 

Eggs 72-76 x 38-41 wp » dark brown, showing thru the walis 
of the gorged uterus-sacs. 


Habitat: Intestine and pyloric coeca of the "rock cad", 


| Sebastodes sp? 


Type specimen : No.4740, U.S.N.M., collected by 7. H. Bean 
and identified by Professor Edwin Linton. 


Type locality: Whatcomb, Washington. 


The material contained in No. 4740, U.S.N.M., uvon which 
Linton based the species, was examined by the writer and confirma- 


tory sections made of mature segments, but it was all in such a 


1 very poor state of preservation that much of the detail could not 


be made out. However, as the specific diagnosis indicates, this 
is a true species of the genus Bothriocephalus s.str. and quite 
distinct from B. manubriformis which it closely resembles in many 


respects, internally as well as externally. So far as the writer 
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3 aware it is the only bothriocephalid that has been reported for 


e Pacific coast of America, the fauna of which in this connection 


s thus only been touched. 
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Genus 2. Clestobothrium Luehe, 1899. 


Bothriocephalus (part.) Rudolphi, 1819. 
Dibothrius (part.) Rudolphi, 1819. 
Bothriocephalus (part.} Leuckart, 1819. 
Bothriocephalus (part.) Dujardin, 1845. 
Dibothrium (part. ) Diesing, 1850, 
Dibothrium (part.) Molin, 1858. 
Dibothrium (part.) Diesing, 1863. 
Bothriocephalus (part.) Carus, 1885. 
Bothriocephalus (part.) Ariéla, 1896. 
Clestobothrium Luehe, 1899. 
Bothriocephalus (part.) Ariola, 1900. 
Clestobothriun Braun, 1900. 


Generic diagnosis: Scolex almost spherical, the free edges 


of the dorsoventrally situated bothria fused with each other in 


their whole extent, in such a manner that only a small surficiel 


Opening near the apex leads into the interior of the spacious, 
hollow organ of attachment, flattened in the sagittal direction, 
by means of a short almost sagittally coursing canal which can be 
closed by a sphincters]ike musculeture. External segmentation 
complete. Vitelline follicles in the cortical parenchyma. Ovary 
median and ventral. Receptaculum seminis small. Beginning of the 
uterus a winding canal which leads into an extraordinarily spaci- 


ous uterus-sac,distorting all the other genital obgans in ripe 
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proglottides. Uterine opening about medien as is the dorsal geni- 
tal opening. 


Type species: C. crassiceps (Rudolphi). 


Clestobothrium crassiceps (Rudolphi,1819) 


: (Eies: 15 69.) ; 
1819 Bothriocephalus crassiceps Rudolphi 1819 : 139,476 


1820 Bothriocephalus pilula Leuckart 1819 : 45-46 
1845 Bothriocephalus crassiceps Dujardin 1845 : 617 
1850 Dibothrium crassiceps Diesing 1850 : 587 
1858 Dibothrium crassiceps Molin 1858 : 134 
1863 Dibothrium crassiceps Diesing 1863 : 2 36 
1885 Bothriocephalus crassiceps Carus 1885 : 120 
1896 Bothriocephalus crassiceps Ariola B96 02 1286 
1899 Clestobothrium crassiceps Luehe 1899 : 44 
1900 Bothriocephalus crassiceps Ariola 1900: 397 
1900 Clestobothrium crassiceps Braun 1900) 3s. LGee 
1901 Dibothrium crassiceps Linton TGOL's ar pase 
1909 Dibothrium crassiceps Johnstone 1909 ;: 87-89 


Specific diagnosis: With the characters of the genus. Medium 


sized cestodes, up to 92mm. in length, with a maximum breadth of 


1.5mm. Anteriorly surface of body with closely arranged transverse 


furrows, posteriorly segmentation more distinct, serrate. Scoles 


globose, 0.64-1.08mm. long, 0.52-0.90 broad,and0.68-1.21 thick; 


divided by longitudinal marginal grooves into two dorsoventral 
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hemispheres, the bothria. Latter, large, prominent, oval, their 
apertures about one-third from the apex and connected by a saddle- 
shaped groove over the tip of the scolex, with prominent lips. No 
neck, segmentatiom beginning immediately behind the scolex. Young 
segments closely arranged, five to six times as broad as long; 
mature proglottides quadrate to twice as long as broad, frequently 
divided on one or both sides by spurious articulations usually 
behind the uterus-sacs. 

Cuticula 2 to 5p thick, subcuticula 20. Chalk-bodies absent. 
Musculature well developed, powerful sphincter around orifice of 
bothrium. Chief nerve strands ventral, 15 to 2Owin diameter. 
Usually four longitudinal excretory vessels. 

Genital cloaca median, dorsal, three-fourths to one-half the 
length of the proglotctis from its anterior end, usually just pos= 
terior to the spurious articulations; hermaphroditic duct within 
this. 

Testes in two lateral fields in the medulla; ellipsoidal in 
shape, 9.125mm. long by 0.04 in diameter, continuous from joint to 
joint, 40 to 50 to each proglottis. Vas deferens forms a wedge- 
shaped mass of coils ahead of cirrus-sac and alongside of the hin- 
der end of the uterus-sac. Cirrus-sac elliptical to somewhat oval,/ 
0.128-0.162mm. long by 0.087-0.116 wide and 0.098-0.116 deep, im- 
mediatel y behind the uterus-sac or lateral to its posterior end. 
Cirrus-sac and vas deferens together alternate irregularly from 


right to left opposite the hinder end of the uterus-sac. 
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Opening of vagina close behind that of cirrus. Receptaculum 


seminis present as a short diverticulum almost parallel to the ovi- 


duct at the point of union of the vagina with the latter, about l0y 


in diameter. Ovary bilobed, the isthmus narrow and ventral, ova in 


Vestibule at the point of 


same 18 x 10pn. Oocapt 2Op in diameter. 


union of the vagina with the oviduct. Vitelline duct expands into 


a reservoir 30p in diameter. Vitelline follicles not in,laterel 


fields,but continuous from joint to joint, 60 x 30 x 50p in dimen- 


Uterus-sac elliptical in out- 


sions, about 700 in each proglottis. 


line, directed anteroposteriorly in the naterior half of the pro- 


glottis where in gravid segments it occupies almost the whole of 


the medullary region; 2.20 x 1.34mm. in dimensions; in quadrate 


segments irregularly alternating from side to side as are the utere- 


ine openings. 


Eggs, 75 x 40p. 


Habitat: In the anterior portion of the intestine af the 


host. 


Locality Collector Authority 


Gadus merluccius Naples Rudolphi Rudolphi 1819:139 
Type hos . 


Host 


Leuckart 1819:45 
1858:134 
1885: 120 


pet eee Leuckart 


Molin 


Molin 


Patavia 


Carus 


Stossich 


Trieste 


Trieste 4 Stossich 1899:1 


"  euxinus 


Merlangus carbon- Nizza Tagener Wagener 1854:61 
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Merlangus sp. 


Merluccius bilinearis Woods Hole 


esculentus 


" 


merluccius 


vulgaris 


? 


i 


Trieste 
Pisa 
Ireland 
Pisa 


Padova 


Wagener 
Linton 
Parona 
Stosstch 
Wagener 
Drummond 
Wagener 


Molin D 


Pomatomus saltatrix 


tt 


Patavia Molin 


Genova Parona Ari 


Portaferr= Damiani 
ajo,Id.Elba 


Pisa Parona 


Gaeta hriola 


Augusta, 
Catania 


Barbagallo & 
Drago 


Woods Hole Linton 


"A small hake” Calf of Man, Johnstone 


England 


Merluccius bilinearis Passamaquoddy Cooper 


Bay, St. An- 


drews, H.B. 


Buzzards Bay, 
Mass. 

Vineyard Sound " 
Mass. 


Casco Bay,Me. 
South Harpswell 


Wagener 
Linton 
Ariola 
Stossich 
Wagener 
Thompson 
Diesing 
Diesing 
Molin 
Ariola 


Parona 


Parona 


Ariola 


1857: 93 

1901:473 
1896:265 
1898:115 
1854: 68 

1844 3439 
18632237 
1863:237 
1861:235 
1896:265 
1899:8 


1899:8 
1900:397 


Barbagallo 


Drago 


Linton 


Johnstone 


Cooper 


1903: 412 
1901:451 


1909: 87 
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In external appearance this species is characterized by the 
globose nature of the scolex and the serrate margins of the strobila 
the former of which was the basis of Leuckart's (1819 : 45) speci- 
fic name and which with the latter was emphasized and included in 
the diagnoses of all the authors after Rudolphi (1819). But 
enother important character which also assists in the ready recog- 
nition of the species is the presence of spurious articul:tions, 
Which, however, are evidently not those mentioned collectively by 
Wagener (1854 : 69) as "articulatio spuria" (vide infra). The 
scolex (Figs. 73-77), as noted above, is divided by two longitudinal 
marginal grooves into two dorsoventral hemispheres, the bothria. 

The latter were considered by Rudolphi (1819 : 139, 477) and others 
to be marginal or lateral (but not "lateral") in position, which 
error was finally and definitely corrected by Luehe (1899 : 35); 
but Leuckart (1819 : 45-48) rightly described and figures the 


Seelex as “medio marginali sulcato, foveis lateralibus ... " and 


"Die Randflache des Kopfes ist breiter als die Seitenflache, die 


Wittelfurche jener ziemlich tief, und bildet an jener Seite eine 
erhabene, in der Mitte hellere Wolbung." It seems that Molin 

(1881 : 235) fell into the error of considering the marginal or 
lateral grooves, separating the bothria, to be the bothria them- 
selves, as indicated in his diagnosis: "Caput magnum subglobosum, 
utrinque sulco longitudinali laterali, apertura centrali bilabiata 
antica, bothriis ovalibus, subterminalibus, marginalibus, longis", 
and in his "Osservazione 3" he said: "Quantunque la testa sie molta 
erossa ad opaca, cid non per tanto potet distinguere il solco 


menziomato da Diesing (1850 : 587) il quale perd corrisponde at la- 
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ti e@ non ai margini del corpo, e sembra dividere la testa in due 
emisferi. Ognuno di questi porta una fossetté oblunga, ovale, 
che si estende dall' apice a due terzi della lunghezza del corpo, 
e sembra di quattro quadranti suddivisi da due solchi che s'in- 
erocciano." It is evident from his Fig. s, Taf. V, that the 
"fossetta oblunga" is the entrance to the bothrium, but he does 
not seem to have observed the actual opening, not even in either 
marginal sulcus! Matz (1892 : 103) expressed the opinion that 
the bothria of this species were dorsoventral in position, while 
Ariola (1896 : 280) evidently on the basis of former diagnoses, 
Placed the species among those of the genus Bothricephalus Rud. 
With "Botridi marginali". Stossich (1898 : 115) also described 
the scolex as " ... subglobosa, con botridii marginali, subter- 
minali, ovato-allungati"; and Ariola (1900 : 398) finally correc- 
ted his own view of the external structure of the scolex by saying 
that "Un esame anche superficiale dimostra pero che la posizione 
degli organi di fissazione non e quale fu ritenuta, perché ciascun 


@'essi corrisponde ad una faccia larga dello strobila, o como si 


dice, sono dorsoventrali. I pretesi botridii marginali sono dati 


da un solco circulare, abbastanza profondo, che corre a guisa di 
un meridiano attorno allo scolice globoso, passando per l'apice, 
e dividuendelo come in due emisferi, uno destro a l]1'altro sinistro," 
thus evidently ignoring the fact that Luehe had already (1899 : 25) 
performed the service for students of the group, as pointed out with 
justifiable emphasis by the latter (Ariola, 1901 : 414). 

The bothria in this species are sac-like structures, formed 


phylogenetically, as indicated in the generic diagnosis, by the 
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rolling together of their edges or "walls" and the fusion of the 
Jatter for most of their extent "in such a manner that only a 

small lateral (dorsoventral) opening in the region of the apex 
leads into the interior of the spacious, hollow organ of attach- 
ment." The size and shape of the opening itself varies consiera- 
bly in preverved material. It may be so small (Fic. 73) as to be 
seen only on very close examination or in sections, or comparatively 
large (Fig. 77), depending on the stage of contraction or enlarge- 
ment of the bothria when the individual is fixed or preserved. 
During life it may be seen to undergo such variations in size while 
the whole scolex is being elongated and retracted during the char- 
acteristic sucking movements. Rudolphi (1819 : 477) correctly 
described the bothria as " ... oblonga profunda et magna in vivis; 


in mortuis bothrii ostium parvum anticum adesse videtur." In 


lateral view (Fie. 74) the bothria are seen to be more sharply oval 


Or even conical in outline, as is consequently the whole scolex, 
owing to the fact that the dorsoventral diameter of the lumen of 
each is much greater in the posterior half than in its anterior 
half. It will also be noted more clearly from this aspect that 
the hinder borders of the bothria project a considerable distance 
beyond the true anterior end of the strobila, so\that the length 

of the scolex is not that of the bothrium, as many writers have 
evidently taken it to be, but as far as can be determined from 
external views, more nearly that of the marginal sulcus, plus an 
extension of the same to the tip of the scolex, or, where the latter 
is retracted, to the anterior border of the labia. The breadth of 


the scolex was taken for the sake of convenience to be that of the 
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bothrium, since there is very little difference between the two 


in this regard. 


The two apertures of the bothria are united over the tip of 


the scolex by a saddle-shaped groove, the edges of which are some- 


what swollen so as to form lip-like structures. This groove has 
been described and figured for C. crassiceps by Molin (1861 : 235, 
Seay @, tab. V) and Ariocla (1900 : 397, Fig. 17, Taf. VIII) and 
figured by Linton (1910b : Fig. 267, Pl. 24), but it does not 
appear either in the figures given by Wagener (1854 

meee?, 1657: Fig. 6, Pl. II) or that by Johnstone (1909 

Fig. 14). It is present in all of the writer's material even to 
Gee youngest, but in a few cases the tip of the groove, that is, 
the extreme tip of the scolex is so prominent as to more or less 
obliterate the lips (Fig. 77). It is also to be noted that the 
lateral grooves separating the bothria do not pass thru these lips, 
@s nicely indicated in Ariola's figure but erroneously described 
(p. 398) as "“passando per l'apice", and as further figured but in 
the same relation by Johnstone. Wagener's Fig. 75 and Linton's 
Pig. 266 also give the erroneous impression that this groove passes 
right over the tip of the scolex. Molin (1861 : 235), while 
giving a somewhat confused description (vide supra) of the rela- 
tions between the saddle-shaped structure, which he figures as in- 
cluding the apertures of the bothria more posteriorly, and the 
lateral grooves, says that he saw in the apex an aperture which not 
only ended blindly but which was bounded by two eminences, simula- 
ting lips. This may have been due to extreme contraction of the 


tip of the scolex between the lips of this groove. It will be 
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recalled that F. S. Leuckart (1819 : 46) says in this connection 


Ghat "An dew Kopfende ist eine kleine Vertiefung in der Mitte; die 
von den beiden sich hier ver@inigenden Randfurchen herruhrt, wo- 
durch ihre Rinder etwas erhabener werden. Die Grubchen sind ka 
‘von der Grésse eines Nadelknopfchens und tief in Kopfe, so dass 
fast scheinen konnte, als waren sie wahre oscula," but his Fiz. 26 
very good in other respects, does not do justice to his description 
of these terminal structures. Cf. also Loennberg's (1893 : 15-17) 
B. neglectus, the figure for the scolex of which looks very much 
like B. crassiceps. 

There is no neck in this species, segmentation beginning 
immediately behind the scolex (Fig. 76) and being complete thruout 
the strobila, which eharacters are also given by Luehe (1899 ; 44 
for the genus: "ussere Gliederung vollkommen, ein gegliederter 
Hails fehlt." As regards this quotation, it would appear thet the 
"gegliederter" is either superfluous or a lapsus calami for "unge- 
gliederter." The anterior border of the first sepment, a greater 
part of which is obscured by the hinder edges of the bothria, is 
constantly somewhat narrower than the latter, but its posterior 
border isusually about the same width even in such contracted 
specimens (Fig. 73). Its outline is somewhat trapezoidal, while 
its length is slightly greater than that of the segment immediately 
following. The breadth of this first segment varies anteriorly 
from 0.40 to 0.92mm. and posteriorly from 0.65 to 1.16, -- Linton's 
measurements are 0.78 and 1.07, respectively. Following this the 
Riemante aks bodied set, five to six times as broad as long, while 


their somewhat thickened posterior borders protrude on either side 
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(as well as dorsoventrally) so as to give the strobila a serrate 
appearance (Fig. 76). It is here that the formation of new pro- 
glottides takes place by the subdivision of preexisting segments. 
This serrate appearance is also present in the posterior part of 
the strobila where the proglottides are quadrate to twice as long 
@s broad. The measurements of the first proglottis showing eggs 
in the expanded end of the uterus (uterus-sac), in a fairly re- 
laxed strobila (Fig. ), was 0.50mm. long by 0.92 broad, while 
one further back where the uterine cavity was 0.61 x 0.48mm. was 
Z,Simm. long by 0.82 broad. These measurements are, however, of 
Only relative value, since another strobila of the same age but 
eontracted during fixation might show the same regions more like 
those farther ahead and thus, in alcoholic, specimens evidently 
younger. But posteriorly, however, each serration does not nec- 
€ssarily define the posterior border of a proglottis. This is 
due to the presence of spurious articulations, possibly included 
in Wagner's "articulatio spuria" (vide infra). These are furrows 
Which arise laterally, where they do not stand out as distinctly, 
however, 2s the true posterior borders of the proglottides, but 
do not pass to the median line. They are not present in all of the 
posterior proglottides nor are they symmetrically arranged. In 
the following excerpt from his more complete diagnosis Rudolphi 
(1819 : 477) did not refer to these structures: 

"Articull breves, margine posteriore incrassato 
utrinque exstante, quo corpus serratum fiat. Arti- 
culi ceterum inaequales, ut passim augustiores et 


longiores intercurrant." 
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while F. S. Leuckart said only that 


"Die ersten Glieder am Kopfe schmaler als die 


Ubricen, dann folgen fast gleichbreite, die 


letzte Hilfte der Glieder breiter als lang, 
deutlichen, weissen Ovarien." 
Which refers to "der beschreibene nicht ganze Wurm 
Jang." Diesing (1863 : 236) described the strobdila 
mn ,.. ellipticum, articulis ad medium usque incredscent- 
ibus, inde descrescentibus, marginalibus posticis 
utrinque prominentibdus, articulo singulo plica 
Sremeversall diviso ... " 
Which latter refers obviously to Wagener's "articulo spuria"; 
while it is also to be seen that, as regards the shape of the 
Strobila, he was dealing with much contracted specimens, the 
dength being cited as ranging from one and a half times to two 
inches. Ariola (1900 : 397) said: 
"Strobila anteriormente assai piu stretto 
dello scolice, a guisa di peduncolo; le primé 
proglottidi sono rettangulari, strette, ma 
rapidamente si allargano; raggiunta la massima 
dimensione, la conservano gino all ultimo tratto 
del corpo, dowe nuovamente si restringene. Le 
proglottidi mature hanno angula posteriori anpena 
Visibili; le ultime presentano forma trapezoidale." 
and Johnstone (1909 : 89) stated that 
"The posterior proglottides are much broader (in 


the transverse axis of the strobila) than they are 
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long (in the longitudinal axis of the strobila); 
and their anterior extremities are narrower than 


the posterior ones, so that the edge of the stro- 


bila appears to be serrated. Secondary segmenta- 


tion of the proglottis often occurs." 


In fine, Wagener, Diesing, and Johnstone are, to the 
writer's knowledge, the only workers who have referred to this 


Spurious articulation or subdivision of the segments into false 


secondary segments, -- although Luehe (1902 : 629) repeated the 


statements of the first two authors. Furthermore Wagener did not 


figure the adult strobila of the species to show the structures in 


Question, but in the legend for Fig. 79, Taf. 7 of Dibothrium 


heteropleurum, -- now, Amphicotyle heteropleura (Diesing) -- says 


only that "Man sieht die articulo spuria, welche die echten 


ibothrium crassicep 


Glieder, wie bei. s, in der Mitte theilt", and 


purener, as regards the difference in structure of the sides of 


this species, "Der Schein entsteht durch die noch dichtere Zu- 
sammendrangung der Falten der wahren und falschen Glieder auf der 


Goncaven Seite." In his legend (p. 61) for Fig. 6, the egg of 


C. crassiceps, he also said: "“Jedes Glied hat in der Mitte eine 


Palte, die ihm das Ansehen giebt, als bestunde es aus zwei Gliedern.' 


| Thus there is reason to believe that for this species no one 


(apart from Linton's Fig. 288) has as yet described nor ficured 


what the writer here calls spurious articulations, but that these 


| workers were referring to the secondary division of the segments 


of the anterior end of the strobila which proceeds in the manner 
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} described for B. scorpii et al, altho not so clearly (Figs. 76 and 
78). This is borne out by the fact that the spurious articulations 


meaeseribed here never reach the median line of the strobila, much 


less pass completely across it as do. the true posterior borders of 
the proglottides (Fig. 79). In one moderately relaxed strobila the 
first segment showing spurious articulations appeared 11.7mm. from 
the tip of the scolex, while in another which was quite contracted, 
Sspecially anteriorly, 4.8mm. In the former case the next two 
pairs of these structures, -- and all of these in question happened 
to be bilaterially symmetrically situated, -- appeared in ‘He fourth 
and thirteenth segments following. 

The following table gives various extemal measurements of 


specimens in alcohol, which may be of use for comparison: 


s 


Number of specimen 204.1 
Length 87mm . . 43mm. more than 29mn. 
scolex 
Length of scolex 
(lateral view) 0.87 5S , 0.43 
Length of bothrium £08 : : oO. 


Breadth of scolex 
(dothrium ) O..75 


Thickness of game 0.87 


Breadth of Seg. I Much con- 
(anteriorly) tracted 


Ditto, posteriorly Ditto 
Thickness, posteriorly 0.37 


Greatest breadth 
Anterior part of prog. eed 


Posterior n a Ia 
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None of the above six specimens were considered to be complete 
posteriorly. The posterior proglottis will be dealt with below 
under the excretory system. 

Posteriorly the uterus-sacs appear as a series of gradually 
enlarging, dark punctations, as desdribed below, not so pronounced, 
however, as in B. scorpii. 

‘The cuticula varies in thickness from 2 to See th 
common measurement being about 2.6y. Resting on a distinct base- 
ment membrane, well shown after the use of Mallory's stain, it is 
G@ivided into two strata of equal thickness by a granular layer, 
the components of which seem to be related to the bases of the 
stout, somewhat club-shaped bristles or "hairs" which constitute 
the outer moiety. While the inner stratum was found to be homo- 
geneous with thestains used, the outer showed two intensities of 
@e10r, an inner lighter and an outer darker. The former repre- 
sents the narrowed central ends of the spindle- or club-shaped 
bristles, while the latter is determined by the well-stained 
bodies of the bristles themselves. Linton (1901 : 473) said that 
"the cuticula is covered with minute spines", but Johnstone (1909 


: 89) said concerning these structures: "I can see nothing of this 


kind in the species before me." All over the scolex and in the 


form of a band on the posterior borders of the proglottides (Fig. 
82) these bristles become modified into stouter spinelets from two 
to three times as long and everywhere directed posteriorly, quite 
dike those described clsewhere (Cooper, 1914b : 85) for Haplobo- 
thrium globuliforme, but much longer relatively; thus indicating 


their function as accessory organs of attachment. The largest 
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spinelets are in the middle of this band, those at the edges, that 
is in the antero-posterior direction, gradually merging in length 
into the bristles of the cuticula of the neighborhood. Furthermore 
they are arranged in the same manner:on the posterior borders of 
the spurious articulations and all the secondary segments situated 
in the anterior portion of the strobila. They were originally re- 
ferred to by Wagener (1854 : 5) and later by Diesing (1863 : 236) 
("articulo singulo ... postice ciliis instructo"), by Cohn (1902 
55) and by Luehe (1902 : 238, 247) who considered "dass es sich 
nicht um in die Cuticula ecingesenkte Stacheln handelt, wie bei dem 
Stachelkleide so vieler Distomen,sondern nur am Fortsitze der Cuti- 
cula, durchaus analog denjenigen, welche Looss an der bereits oben 
Citierten Stelle fur Haematoloechus asper abgebildet hat." 

The cubcuticula, about 20p in thickness, consists of fairly 
elongated cells, the nuclei of which are situated at their central 
ends close to the vitelline follicles, while their boundaries are 
G@ifficult to ascertain, the whole layer thus being more of the 
nature of a syncitium. For about one third of their length immed- 


iately beneath the cuticular the cytoplasm becomes broken up into 


@ number of more or less parallel processes which stand out in dis- 


tinet contrast with the deeper inner ends of thecells especially in 
transverse sections. 

The parenchyma, everywhere encroached upon by the voluminous 
reproduwtive organs, is in the form of a comparatively open reticulum 
showing no features of special interest. It is naturally most abun- 
dant in the posterior flared ends of the proglottides. In small 


strobila it is more compact in structure and has relatively more 
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nuclei in its meshes. Distinct spaces, formerly occupied by 
calcareous bodies, such as are readily and distinctly seen in the 
parenchyma of B. scorpii, were found neither in the scolex nor in 
the strobila; nor were these structures noticed in living material. 
The musculature is composed of the typical three sets of 

fibres, interferred with in the usual manner by the large reproduc- 
tive Organs and their external openings. The sagittal and coronal 
series are only moderately developed, while the longitudinal series 


if about 1Op in thickness and situated within the coronal series. 


Its fibres are arranged in bundles of irregular shape (in cross- 


section) and width but of this uniform thickness, excepting where 
they are naturally much flattened out dorsally and ventrally by the 
distended uterus-sac. Otherwise they are continuous from joint to 
joint. A very weakly developed series of outer longitudinal muscles 
is also present while the muscles of the posterior border of the 
proglottis (vide inca 1897a) are poorly developed, in fact even 
less so than in Bothriocephalus, s.str. The cuticular musculature 
is typical. 

In the scolex the coronal fibres are better developed than 
the sagittal ones and pass around the bothrium closer to its lumen 
than to its external surface, while the latter are mostly confined 
to the region between the bothria. The inner longitudinal muscles 
of the strobila pass forward into the scolex, dividing as they meet 
the lumen of the bothria to pass around them and attach themselves 
to the margins of the apertures. They are thus directed somewhat 
obliquely as shown in Johnstone's Fig. 18 andde scribed BGa" ps6 


running irregularly, probably obliquely, round the walls of the 
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bothriun. These no doubt function as constrictors of the latter." 
A few pass on forward to the tip of the scolex to assist in activa- 
Ging that region. Between the bothira, however, they were found to 
be separated into dorsal and ventral layers as in the strobila, and 
not united into a single coronal band as shown by Johnstone. The 
bothrial sphincter (Fig. 76) is a powerful bundle of fibres, about 
O.07mm. in transverse section surrounding the aperture close to its 
cuticula. In transverse sections of the scolex it appears as a 
deeply staining mass on each side of the opening, also shown in 
Johnstone's Fig. 15. As it crosses the aperture anteriorly it 
becomes greatly attenuated, which fact with its comparatively great 
Size at the sides and posteriorly accounts for the almost complete 
disappearance of the aperture in many adult, preserved scolices 
owing to the powerful contraction of this muscle from behind forward 
thus diminishing the opening towards the tip of the scolex. From 
their arrangement it is to be seen that this sphincter, evidently a 
modified group of coronal fibres, and the longitudinal muscles in 
the scolex play a more important role in the movements of the 
bothria than do the other groups. On account of the oblique course 
of the longitudinal fibres they would evidently act in diminishing 
the size of the lumen of the bothrium as well as would the circular 
(coronal) fibres of the latter. 

The nervjous system consists of two longitudinal strands 
which enlarge in to tip of the scolex to form two somewhat elongated 
ganglia, united by only a few fibres but sending out comparatively 


large nerves to the bothria. In the strobila the chief strands, 


6ach from 15 to 20 in diameter, are situated ventrally in the 
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medullary parenchyma just within the longitudinal muscles and 
from one-fifth to one-quarter the width of the strobila from its 


lateral margins (Fig. 80). About half wayalong the scolex the 


strands are about SO p in diameter, while the somewhat smaller 


Benglia are close together about 0.15mm. from the summit. In other 
words the chief strands enlarge and diverge gradually until the 
Equatorial region of the scolex is reached and then diminish in 
Bize as they converge to form the ganglia. A pair of prominent 
nerves is sent forward on each side to supply the saddle-shaped 
groove described above. In young strobilae the nerve strandsare 
situated midway between the dorsal and ventral surfaces, and not 
ventrally. 

The excretory system consists of a pair of longitudinal 
wessels, situated ventrally, that is in the same frontal plane as 
the chief nerve strands, each vessel being in the anterior end of 
the strobila about half way between the nerve strand and the median 
rows of reproductive rudiments. These vessels break up in @ very 
irregular manner into extremely elongated loops, so that for con- 
siderable stretches four vessels will appear while again the 
branchings will be so numerous as to make it very difficult to de- 
Gide, on looking at a transver@ section, which are the main chan- 


nels (Fig. 76). In other individuals four vessels appear, so that 


fused at times but separated again to form the loops. But whether 
these four vessles represent the typical four of other orders it 
was found imrossible to decide, excepting from comparisons with 


other species of this order. These main vessels may continue back 
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into the ripe joints close alongside the uterus-sacs, but they 
usually break up into a very diffuse reticulum throughout the 
medullary parenchyma in the region where the openings of the cirrus 
and vagina pierce the cuticula in development. Behind this region 
it was found impossible to trace the main vessels with satisfaction. 
The system usually passes into the scolex as two vessels, but soon 
breaks up into an elaborate reticulum which ramifies between the 
bothria and throughout their walls. These branches are shown in 
Johnstone's Fig. 15. As regards the conditions of the excretory 
system in the extreme posterior end of the strobila, the material 
at hand permits of only negative conclusions. In the youngest 
Strobilae, such as that shown in Fig. 77, the vessels converge 
Hesterioriy to open into a notch in the cuticula, there being no 
definite pulsatile vesicle such as is present in plerocercoids of 
the genus Proteocephalus, for instance. From this and the further 
fact that Wagener (1857 : 93) showed (Fig. 6, Pl. II) the main 
vessels in a very small strobila, which he examined while it was 
alive, passing separately to the outside, we are led to conclude 
that the vesicle, if every present, must have been situated in the 


walls of an enveloping cyst and disappeared with the latter as in 


NW ‘ 
the Trypanorhycha or the Cyclophyllidea. This seems to have been 


Wagener's idea of the situation when under his Fig. 65 (1854 : 68) 
he said: "Man sieht keinen pulsirenden Schlauch am spitzen Schwanz- 
ende. Es muss dies Thier auf ahnliche Weise entstanden sein, wie 
das in Fig. 74 dargestellte," and Fig. 74 is that of "Dibdothrium 
(Belones?)" from Scyllium caniculg enclosed in a cyst in the wails 


of which "man sieht der Gefadsse der Gestodenblase." 
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The earliest reference to the genitalia of C. 

was by Rudolphi (1819 : 477) where he said: 
"Ova vel ovalia vel ovata, forsan secundun 

majorem maturitatis gradum. A B. punctato diver- 

Sissimus, licet ovaria lateralia fuscedscant, sed 

haéc ipsa etiam in B. crassicipite quam in B. punc- 

tato majora sunt." 

The structures called ovaria were evidently the uterus-sacs. 
F. S. Leuckart (1819 : 46) described the reproductive organs of 
his B. pilula as follows: 

m ,.. die letzte Halfte der Glieder breiter als 

lang, mit deutlichen, weissen ovarien. An den 

uteren Gliedern sieht man oberhaldS jedes Eier- 

stockes einen wasserhellen Punct, wahrscheinlich 

Oeffnung fur das mannliche Zeugungsglied." 
From &@ comparison of this with his description and figure of pos- 
terior proglottides of B. scorpii, it is evident that he too was 


dealing with the uteri and their openings respectively. He also 


} referred to " ... den schwarzen Puncten des Korpers, die Rudoliphi 


fur Ovarien gehalten" of Redi's worm, which Rudolphi called 
(1830 : 67) Bothriocephalus Gadi merluccii and placed in his 
"Species dubiae." Wagener (1854a : 61) said that 
"Die Eier Haufen sich in obersten Theile der 
Glieder an. Der Dotterstock verzweigt sich uber 
das ganze Glied und liegt overhalb des vescicules 


transparentes van Beneden. Die Geschlechtséffnung 


ist in der Mitte und lateral." 
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Diesjing (1863 : 236) placed the "Aperturae genitalium laterales 


in linea mediana." Ariola (1896 : 265-366) gave the first com- 


"Tuttaria sul corpo si osservano macchie scure 
molto sporgenti, constituite della massa di wtova. 
Tali rilievi non sono propriamente, nella linea 
mediana, ma collocati a destra o &@ sinistra di 
éssa, formando in tal modo une striecia 4 Zig-zag. 

L'aperture genitale msschile sbocca sulla 
faccia dorsale,-e sulle opposta si apre l'utero. 

In aleune proglottidi l’ovario e bilobo, la 


ova sono ellissoidali e mancano di operculo." 


+ 


Luehe (1899 : 42-44) in defining the characters of the genus gave 


the general features of the genitalia, while Ariola (1900 : 397) 
enlarged his own 1896 description: "Ovario con numerose nova, 
talora bilobo; wova ellissoidali aventi nel diametro longitudinale 
67 e nel trasversale 32... " Braun (1900) reviewed the litera- 
ture on the genus and species up to date, and Volz (1900) discussed 
the reproductive organs of the species as compared to those of his 
B. spiraliceps and the position of the openings in connection with 
brief remarks on the phylogeny of the genus Bothriocephalus s.lat. 
As regards his own specimens Linton (1901 : 473) said that "Pos- 
terior segments show rudiments only of the reproductive organs, but 
no indication of external genital openings." And later Johnstone 
(l.c. : 89) remarked that "the genital openings are in the middle 


dine of the proglottides but near the anterior borders of the 
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gatter," referring evidently, as will be seen later, to the uterine 
openings only. 

The rudiments of the reproductive organs appear about 
three millimetres from the tip of the scolex as aggregat 
nucleu that can just be discerned in toto mounts (Fig. 
three millimetres farther posteriorly in moderately contr 
(such as would be obtained if no special care were taken 
the fixation of the material) older strobilas the cirrus 
Vaeina are seen to be just piercing the dorsal « Before 
this region is reached, however, the common rudiment, at first 
Circular and then elongated oval in outline, differentiates into 
@ more anterior portion, the rudiment of the whole uterus, a more 
posterior less elongated part, the beginnings of the cirrus-pouch 
and vagina, and a third, connecting the other two near the hinder 
€dge of the proglottis, the nuclear aggregation that will develop 
into the ovaries and the organs of the interovarial space (Fig. 79). 
As mentioned above in the specific diagnosis, the first two of 
these rudiments alternate irregularly from side to side as do the 
corresponding adult structures. At the same time the testes and 


‘vitelline glands are developing in the medullary and cortical por- 


tions of the parenchyma, respectively. 


A distinct genital sinus or cloaca, the opening of which 
is usually almost circular in outline, is present (Fig. 83). It 
varies from 0.05 to 0.09mm. in diameter and is situated, as above 
noted, nearly in the median line, dorsally, and from three-fourths 
to one-half the length of the proglottis from its anterior border, 


usually just posterior to the spurious articulations when they are 
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present. At the bottom of this sinus there is a secondary cloaca 
("Geschlechtstasche" or "Ductus hermaphroditicus"), also circular 

eo Outline, from 15 to 25» in diameter, and into it open the cirrus 
and vagina quite close together, the latter immediately behind the 
fomer. This secondary sinus is best seen in sagittal sections 
(Fig. 82). The genital pore (the opening of the main sinus) is 
elevated slightly above the general dorsal surface of the immediate 
neighborhood, thus appearing as a low cone or crater. No sphincters 
were found to control the openings of either of these sinuses but 
eae GUuticula of the floor of the larger or outer wa 

modified into coarse, low, rounded and close set papillae which 

are evidently of special inportance during copulation. As regards 
the latter it was concluded that these papillae wouid serve to 
temporarily fasten the structure into the primary sinus of another 
progliottis, when it is possibly everted with the sirrus. Nothing 


Was observed on copulation in this species during life nor were 


any cases of protruded cirrus met with in the material at hand. 


All of the proximal portions of the reproductive organs, 
'S2@enteme. the yvitelline follicles, are located in the medullary 
parenchyma, although the much distended uterus-sac, originally in 
the latter, extends almost to the cuticula on both the dorsal and 
ventral surfaces. Fig. 81 shows their arrangement in toto. 

‘The testes are closely arranged in the medullary parenchyma 
in two lateral fields, each bounded laterally by the junctions of 
the dorsal and ventral layers of longitudinal muscles and medially 
by the other reproductive organs (excepting the vitelline glands) 


which occupy in the quadrate proglottides about the middle one-third 
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of the transverse diameter of the strobila and are contiguous from 
joint to joint. In the quite mature elongated proglottides the 
testes are ellipsoidal in shape, averaging 0.le5mm. in length by 
0.040 in diameter, the cross-section being usually about circular 
gm Outline. In younger joints and in all those of much contracted 
Strobilae the testes are nearly spherical in shape, measuring about 
SO in diameter, or often slightly longer than broad. They are 
arranged in a single layer in the medulia, the whole dorsoventral 
diameter of which they occupy, and are continuous from proglottis 
to proglottis. From 2 to 4 appear in each lateral field in trans- 
werse sections, from 5 to 7 are seen in sagittal sections between 
the posterior borders of consecutive proglottides, while, so far 
as couid be determined from coronal series directly, the number is 
from 20 to 25. ‘Thus each proglottis contains from 40 to 50 testes. 
The vas deferens forms a wedge-shaped mass of closely ar- 
ranged coils, extending forward immediately ahead of the cirrus- 
pouch and alongside the uterus-sac for about two-thirds of its 
length (Fig. 81). In proglottides in which the latter is yet 
comparatively small the vas deferens may pass forward as far as 
its anterior end. In either case it forms with the cirrus-pouch 
&@ mass which alternates from right to left with the uterus-sac. 
When distended with sperms the duct averages about 304 in diameter; 
but just before it enters the cirrus-sac anterodorsally it narrows 
down to 5p. Immediately within the wall of the latter it often 
enlarges again to form a thin-walled functional vesicula seminalis, 


or perhaps more correctly ductus ejaculatorius, from 13 to 25 in 


diameter. After one or two short turns it diminishes again to about 


eos. bwytire Ofe(ine alison! vate x 
iy sebied bok gna £6? senole 0 sant at 88 Reap sé 
Vo aimed €2 eet 2 Wii tere egee art 

to @irty Yi 0 gated ag etaaiademgtee si? om 
: 1 douse Yo vetdie Ree at hadvdtesot 4 
etitwessd ,>c0<0 al ice ra eld veil 
coe » baotrd. neds See YINTS bbe de9%0 to er 
favraet a it’ .atinubew edt ‘az tegar sfyiit : 

‘gale: tl svougisacd om iris vryureve cece Beet 
mu? me os e.etul Wore at seedae 8 of @ wost 
e Laity ina? ni G08 SB Y oF 4 ms id 

He , SL f48 seb ee Folnery Sviiip sees “ID evebiod a 20) 

.ifsversh esitee fanereo wot}: ben tarcdte 

‘od, OF soe) aaketzod eH tofyor- LOBE. @ ft is 

; ~~ 
heat Ye eat Legeda- eybew. * saxot. euntoted: wey 


r » boa vletednodmt: Leweset wathaotee ei 


i 
4 


it-oms Pade got baer suriad i ait eb: unc 
toy ol rotted Cee vik. wos) Yo habe eT aie 
aves nae ae eatritet feb aoe eat them: 
Goo t-eurrio oGg atte aeseae BED" spat be at pe sof } 
he~elTery ad? it iw Stal 28 figs ars ‘wetactss Li 
ot at wy OS tgea eogantien toutyomt enrages dott 
Lev $2 yltequahoaer ce sakoareels ‘st anbter 22 
tte r ratras of 36 <vomeien a 
inlgee Sinvotesr tase tnt baad no ot 
ytS of SL gost ev irote luge |e wéntoub % 
« of clega wette NeEaSh. 12 ani. te oa 


tt 
e 
™ 


my 


233 


Se and then passes on as the cirrus proper. While the proximal 
portions of the duct do not pass in any definite diréction, the 
latter is situated for most of its length in the longitudinal axis 
of the pouch and is about 0.10mm. long. About 20 to 25y at its 
middle, it is lined with a cuticula, 104 thick, which is cleft 
but not armed with bristles of any kind. 

The cirrussac (Fig. 82) situated immediately behind the 
Uterus-sac or lateral to its posterior end, is elliptical to slight- 
ly oval in outline, and measures 0.128-0.162mm. long, 0.087-0.116mm. 
wide and 0.098-0.116 deep. The longitudinal axis is directed 
anterodorsally frew the genital sinus and to the right or left, 
according as it alternates with the uterus-sac. The proximal 
one-third of the contents of the pouch consists of loose parenchyma- 
tous tissue with a few muscle fibres surrounding the ducted ejacu- 
latorius, while the distal two-thirds, that part which accommodates 
the cirrus proper, is supplied mostly with muscles which actuate i 


the latter. Large fibres proceed somewhat obliquely from the wall 


‘towards the proximal pole of the sac to become broken up or frayed 


before they are attached to the cirrus tangentially, so as to give 
the appearance in frontal sections of the latter being surrounded 
by a comparatively heavy layer of fine lightly staining circular 
fibres. A few of the fibres closest to the cuticula of the cirrus 
Were considered to be true circular fibres; but no longitudinal 
fibres were seen. The wall of the cirrus-sac is from 2 to 3p» 
thick and is made up of very fine closely matted fibres, the direc- 


tion of which could not be determined with satisfaction. The sac 


lies freely in the parenchyma of the region and is not connected 


Ee ta ae 


Lecteciy scien seos¢ sirte any a2 oe fed 
ot .otogeg@h @ehrttes ya ah Spa ten 2h ous 


fc oh teed att nt cteneh Fei Wor toon 6 - 
i 38 »ee eo OB doods 6 nb ue i 
o a2 Seliw .xolit 408 acetate stew 4 
, bate ene te athagss ae 

wie Sf | i tdhenne Depnadiel (Shy oth) v9 
Lac itaqille of (Rae 208 tt Hadi a cate f 
OfD.C«E0.0 .saol . pe@bl.O-O614 Ba FLGS Se tite .\ oak . 


pevosyib al elus Lanibudiencl yy geet ro ve 3 
+> * 4h . Ie res [ Siren af oa 
< d ‘ A we poe ° LAY iu a 46 eae c a Sole | ORE 207% 


L2 £4 0%.4 O6F -Sfa-artet& add dihin ustuatsecan hips 


ter epoel to ete tenet dowea adi to-etasttep ede et 


5: beveck od4 gat thrurounuet send slusom wot B dio 


oe ddoidie éuae ‘toas abe lus ~owd Tatutb ade - 
Woe deLOw .weloewut hie Wi tee ieAtgeye Het, negome 
ont wos viaup lide. tudwemos Lyeootsg eet? sored 
i 29 qy oibegé smoged, ot dame aes Lo efan Lemlrorg oF 
&: of .¥. £eetneaoe? ginsie aa! oF neice are 
betwovee “ante setitel ef? Yo ack ome Lied anh, one 
Latico tio a See hide td ent? aw haved Tees ¥: 
 -. efiu tian eit Of Gepnelg wetHt: dat tout 
faniles) tenod opted ieendty se lugrots slest: if bers 
4 © of & moxt ag ate od gd2: Roy Skea mate. 
ith ad? yeertt? beditem vcoebis: oat ete to: ee bh “ 
Cee o0° . s6beoati teas aoe bog Lure tod ne ton 
betornnes Som el) BAA tokget: we to 


7 a 


eas.) ee 


by any special muscles to the dorsal or ventral body-walls; nor 

are the body muscles attached to it as in some castodes. The 
layers of the latter are simply pierced and the fibres turned aside 
in evidently a passive manner. 

The opening of the vagina is close behind that of the cirrus 
at the bottom of the secondary genital sinus, or as it has been 
ealled by Fuhrmann, "ductus hermaphrodéditicus" (Fig. 82). From this 
point the duct courses ventro-rosteriorly in the mid-line and then 
parallel to the dorsal surface of the preglottis; until .it. reaches 
the ovarian isthmus, above which it makes a few turns and quickly 
diminishes from 20p in diameter half way along its course to 1lOy. 
It then dips farther down into the genital,space, often enlarging 
Slightly as it does, and soon joins the oviduct at an enlargement 
of the latter situated a short distance behind the oocapt. 
Throughout its length it is lined with a ragged or pseudociliated 
Cuticula and surrounded by radially arranged nuclei connected with 
the cuticula by cytoplasmic strands like those described by the 
writer for H. globuliforme (l1.c. : 105) and considered to be 
possibly extruded nuclei of the original epithelium as well as the 
myoblastic nuclei of circular fibres, a tyer of which surrounds the 
duct. There is no vaginal sphincter. 

in his generic diagnosis Luehe said that the receptaculum 
seminis is small and in his description of the family, Ptychobo- 
thriidae (1902 : 327) that when present it is "in Gestalt eines 
kleinen Blinds&ckchens ausgebildet, welches parallel neben dem 


Endabschnitte des Oviduktes liegt and mit der Vagina unmittelbar 


vor deren Vereinigung mit dem Ovidukt in Verbindung steht." In the 
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sections at hand, however, it is a comparatively large structure 
and very difficult to orient in sections made in any direction. 

It is in the form of a thin-walled sack about 60xc0 » wrapped 
somewhat spirally around the dorsal wall of the above-mentioned en- 
jargement of the oviduct and opening by an aperture equal to its 
whole diameter into the vagina just at its juncture with this 
vestibule. But since the vagina constantly constricts a second 
time to a diameter of about 8\y before entering the latter, one 
gets the impression of the receptaculum seminis being a diverti- 


culum of the oviduct rather than of the vagina. Fig. 83, of four 


f consecutive sections of a transverse series, showing the union of 


these Gucts, will give a better idea, perhaps, of the naturdof 


the seminal receptacle. 


In mature proglottides the ovary (Fig. 80) is a bilobed 


Structure gaituated in the median line, close to the posterior 
border of the proglottis and immediately ahead of the uterus-sac of 
the proglottis following, where the latter is much distended with 
eges (Fig. 81). In toto mounts the lobes seem to be quite separate 
.from each other and apparently unconnected, but in sections the 
isthmus is easily made out. It occupies the ventral half of the 
medulla while the wings or lobes extend completely across the space 
betweenthe layers of longitudinal body muscles. The lobes are 
about 0.27mm. long by 0.13 wide, while the isthmus is 0.06-0.08m. 
in anteroposterior diameter. These proportions are, however, much 
different in such contracted strobilae or in proglottides in which 
the uterus-sac is distended with eggs. In both instances the ovary 


is very much flattened anteroposteriorly and, in the latter case, 


von = » Ss NS 
ac “7 ny) + — 
hy : : 
. 


‘¢ ogre gieritensjacs @ vi No 
vets Ye AP gies acc thoes ce aie 
35 + 4 PBL9b jucd2 dcoae bat keeeniat 2 
_? SE ~BPOC © ‘sae to Liem Caesee ane 
fauie ete reqs nde antes@e tba towt anf 
ielw ststonut effiee faut anne et otak 
| (it nerenes ‘alge ade oogte’ ee 
[-e) qnitetas stots qh Tie io 18: 


SvEb # golcd sin leew eerioaremoes ade Fee 


tS .=iS .Sntyer pd? loo nate. cadtee. doe 


» 


- 
hi 

re 

~ 

S 


2 s od? snaiwods .eo Bie vereveaneds @ Ao anak 


<ceisen ifs to ,egsdtey web. gadied-@ evin siehels) 


. vient aoe 


eft) vue of? eghlitoinats ein 


tn 

~m 

- 
~, 


ttoay eit of egefe (enks ‘netbom edi tt 5d 
vrata sdf lo beatae gfe alae di 
haste lS wtege et «etdel an?. “etode yntnollob « 
AP 90 OF mee Wwaeted, ods ae row: Bt OF AT 
node Si ed) A money heated baa” " 
1 ey ash? oa hprtoe OT anoae hide cf tine 
vi’ seoraa otek gage Daodene wectet $6 ‘egche edt 
e-Jol sft isetoeste hed fawn thst tone ic. hi 
yO. 0 ef ataaite tomy ‘these? jada Be. 7] tic: 
 levewat (ete snot tequng 2eodT.> Sec amg 4 

' eabitto wake gt "¥e silt soitte ffonstave’ de 

svn wit soonstens Aeod ie Sake oye ey 
.s500 tet jal ode rit ieee basa adie 


= ho 

a eea iat wre _ 
aos Pe! ray a aoe yeer 

Bast oA aA ie VCs ar oS 


@eocapt, are elliptical to oval in outline in sections and m 
on the averace 18 x 10p#~, their nuclei being about 9m in diameter. 
The oocapt, situated in the median line at the posterior 
border of the ovarian isthmus, somewhat dorsally, is a spherical 
to ovoid muscular organ, about 20pm in diameter (Fig. ). Imme- 
diately behind it the oviduct constricts to a diameter of only 7p 
to 10 and then passes on posteriorly and ventrally either to the 
right or to the left, gradually enlarging until the above-mentioned 
vestibule is reached, when the diameter is 25 to 3530p. The latter 
enlargement does not seem to be a direct continuation of the ovi- 
duct but a more or less separate thin-walled structure, -- the 
walls of the oviduct up to this point being comparatively thick 
(Fig. 82) -- into which the oviduct opens by a slightly elongated 
aperture. While the wall of the first portion of the oviduct is 
guite thick, comparatively speaking, and consists of more or less 
cubical ciliated cells with somewhat indefinite boundaries, -- or- 
dinarily they stain very densely, -- the vestibule has, like the 
receptaculum seminis, a thin wall from which only a few scattered 
nuclet protrude into the lumen. The oviduct continues posterio- 
laterally and ventrally from one cortier of the vestibule -- that 
with which the vagina is usually connected, -- as a tube quickly 
diminishing from 15 to 10m in diameter and lined with a ciliated 


epithelium with prominent nuclei but no distinct cell-boundaries. 


Close to the anterior wall of the uterus-sac of the next proglottis 


it turns upward sharply and at about the middle of the dorsoventral 
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diameter of the medulla takes on the vitelline duct. It then skirts 
the uterus-sac, just mentioned, as it passes to the opposite side 

of the generative space and slightly forward to soon become sur- 
rounded by the shell-gland. 

The vitelline duct at its union with the oviduct has a 
Giameter of 8u, but just beyond this, in the direction of the 
follicies, it soon enlarges to form a somewhat irregular vitelline 
reservoir which when filled with yolk may attain a diameter of 
30m. Its general course is towards the opposite side of the 
generative space almost parallel to either surface of the body; 

‘but beyond this it could not be traced with satisfaction. 

The vitelline follicles fill up almost the whole of the 
cortical parenchyma from the layer of longitudinal body muscles to 
the nuclei of the subdcuticula, the thickness of the stratum aver- 
aging O.o5mm. (Fig. 80). They form a continuous layer around 
the margins of the proglottides (in transverse sections) and also 
from proglottis to proglottis, as mentioned above, even extending 
well into the posterior borders. They are not arranged in lateral 
fields, but are interrupted only where the uterus-sac and genital 
Sinus pierce the body-wall, or in the former case greatly press 
against the latter. The individual follicles attain a size of 60pm 
jong, 30” wide and 50h deep (the thickness of the whole layer), 
and are very closely crowded together. The number in cross-sections 
of the proglottis averages 55 and in sagittal sections 13, thus 
making the average total number for each proglottis 715. 

The shell-gland is situated in the dorsal portion of the 


genital space, that part of the oviduct showing the connecticns 
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being almost horizontal in position and about 18pm in diameter, that 
is, a little larger than the oviduct behind that region. The indi- 
vidual cells of the gland are much attenuated, closely arranged 

and have their nuclei situated in their slightly enlarged distal 
ends. Their connections with the oviduct give the wall of the 
latter a honeycombed app earance when it is seen in longitudinal 
section. 

Beyond this region the oviduct gradually enlarges as it 
passes above the ovarian isthmus to become the uterine tube, the 
coils of which are accommodated opposite the cirrus pouch just be- 
hind the uterus-sac. As it proceeds its wall gets thinner, the 
nuclei protrude more and more into the lumen until many of them are 
evidently lost. It is noteworthy that the uterine tube in many 
eases as well as the uterus-sac especially in younger proglottides, 
eiternates irregularly from right to left according as the cirrus 


and vas deferens do. These three structures are, infact, fitted 


very nicely into the space between the uterus-sac ahead and the 


ovarian isthmus behind. 

The uterus-sac is elliptical in outline, has its longitu- 
Gdinal axis directed anteroposteriorly, and is situated in the an- 
terior halt of the proglottis where in very mature segments it 
occupies almost the whole of the medullary region, or to be more 
precise, the middle three-fifths of the diameter of the proglottis, 
its anterior end extending forward close to the ovarium of 
glottis immediately ahead (Fig. 81). Luehe (1908a : 326) figured 
the uterus as, to use his own words, " ... in der Regel eine se- 


raumige Uterushdéhie bildend,welche die ubrigen Genitalorgane, ohne 


Tet eRaID tS RS gods bag ib keeAma 
Ay at? . -ppltee Yad? dakiod iets shai 
satay YLAMOLS ; . bet anuet da Baek cree 
Pee ie GOEtalie ciidatie s tewte ak. Bekauardi 


3 Shtiew ont ovis toe 


CT Rat teeok ra ef 28 wae neil 


aw a 
4 


fe ca negtuine yl Lontbate bones mide cotgen petra 

‘Te ans Sepdad ree iealitas ga ltsve 

r gov aviTiG wah st Leoq7e Seteboumer ted t= rr 

; a? ofog\ {low ats ehaeaots 2b ol 1ona 

: Yeas ilvay asm cy Giai stom doe erie 

“WF ‘S@itere omy tact edvrowston od we, “4 | 

segaucy ele Leatouqes Sb Eutos sods ae 22h 

es -galoroces 9 Tadly of frosts cozy yiteLinge 

lon fet »ove sergpeniéa oeadd easy) db 

re ste ofe-turoswves assy tod Goaqe 20% 9 2, 2 

4 dite 

{ e8e..enlizgac ai Leotaei fo @ hea -eoiste 4 

if tated jee Goa thragreteogus at aa a 

Sues (Sete vee. de agente ehitoigory, sat ‘to 24 

on ec of 26) Gaiaas cee Leshveiat eit the bLerie eaeid 

ers =. od? Se edeamaet ous To eae eRhoarnta ee 

i) So owlvayo eaves emia <r 

bexy Sté° :. atoes) oto “(18% 

~.4y sale Jeni gab Barsu.4t fiona 

Sifo. , atentolaeigeD at te ot if 


i 


a 


dass freilich deren Rickbildung eintritt, buchst&blich an die Wand 
drangen kann, indem die ganze Proglottis in reifen Proglottiden 


vielfach als ein einziger sackformiger Fibehalter mit verhdltniss- 


w 2 ‘ : ; 
masig sehr dunnen Wandungen erscheint." But such a degree of re- 


Striction of the other genitalis was seen only in a few of the 

ripe proglottides of strobilas much contracted longitudinally. 

Here the largest uterus-sac measured 0.8mm. wide by 0.67 long, 
While the width of the proglottis in question was, at the posterior 
borders of the spurious articulations, 1.57mm. In fairly relaxed 
strobiles it increased in dimensions from 0.18 x 0.14mm., where the 
first eggs appéared in the lumen, to 0.87mm. long by 0.48 wide, 
where the proglottis was 0.80mm. wide at its middle, in the latter 
case, of course, pressing against the dorsal and ventral walls 


6éven as far as the cuticula. From a comparison of these measure- 


ments and the further fact that in the case of the former much con- 


tracted strobilae there often appeared behind the region showing 
the nearly obliterated zenitalia a more relaxed one in which the 
relations of the uterus-sac to the other organs was quite as in the 
completely relaxed strobilas, one would be inclined to conclude 
that the characters of the family above quoted, would apply to this 
Species only in the case of proglottides much contracted longi tu- 
dinally. In the quadrate proglottides the smaller, 

younger sacs alterate irregularly from right to left, as do 

uterine openings, and according as the cirrus pouch and the 
deferens in particular (on account of its above-mentioned position) 
occupy the opposite sides of the proglottis. Externally, in alco- 


holic specimens, the utera appear as a gradually enlarging series 
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of brown punctations caused by the contained eggs showings through 
the thinned body wall, as pointed out originally by Rudolphi and 
other writers. 


The wall of the uterus consists of a thin membrane on 


the inside of which a very few scattered and somewhat flattened 
nuclei indicate ts Original epithelial nature. In young proglot- 


Tides, where no eggs are to be seen in the small uterine cavities, 


the wall was found to be composed of an epithelium about 8m thick, 


Showing prominent nuclei but no distinct cell-bdoundaries. Further- 


more in such early stages the lumina of the uterine ducts, develop- 


ing in the manner described by Young and Shaeffer, are not complete- 
ly formed nor in connection with the cavities of the sacs, but 


the uterine apertures are prominent. In the first two or three 


sections of a 10 we coronal series, taken from the ventral surface, 


they appear as distinct somewhat elliptical apertures about 26p in 


transverse diameter, but in the third or fourth section are closed, 


only to reopen as the cavity of the uterus-sac, thus showing that 
the membrane closing the aperture is only about LOW thick. And 
this closed condition is maintained until the uterus-sac attains 


the above-mentioned maximum size and becomes greatly distended with 


eges. Then the functional opening is established by the rupture 


of the membrane which has meanwhile reached a leneth of 0.046 -- 


0.058mm. by a width of 0.084-0.046, its elliptical outline having 


been retained. The opening does not become as regular in outline, 


however, as the membrane, for the latter remains around the rim as 


ragged processes, which render the determination of the exact loca- 


tion of the aperture in toto mounts a matter of no little difficulty. 
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The uterus opening is surrounded by a series of radiating cells 


like those of the opening of B. scorpii described above. 

The fresh eggs examined in saline solution were found to 
be elliptical to ovoid in shape, 75 by £0 in dimensions and pro- 
wided with a thin very light brown shell having no operculum. The 
color was so faint that it could be seen to advantage only when 
the eggs were in masses or in the uterus-sac. Ariola (1900 : 397) 
Gave the mezsurements of the eggs of the European species as 67 x 
3op . The largest examined were immature, the contents consisting 
of large spherical cells like those shown by Wagener (1854a) in 
his Fig. 6, Taf. I, among which no traces of the hooks nor division 
into oncosphere nor mantle could be seen. When the scolices of 
the worm are still attached to thewalt of the intestine of the host 
Detween the mucous folds, they were found to often discharge many 
of their eggs from most of the posterior proglottides when the 
szolices were irritated with a blunt needle inorder to make them 
loosen their hold, which indicentally is a comparatively firm one 
@s one might gather from the structure of the scolex. 

As regards the life history of the species nothing definite 
Was determined. 44 specimens of Merluccius bilinearis were exam- 
ined at Woods Hole and at Harpswell, but no definite idea of a 
possible Pibetriedie-te host was obtained. It was noticed, however, 
that when the intestine of the fish contained much grey chyle, pre- 
sumably the result of the digestion of small herring, -- definitely 
ascertained at South Harpswell to be such in a few cases, and of 
the Blueback, Pomolobus aestivalis (Mitchill), -- no tape-worms of 


this species were present; but where amphipoda were found in the 
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stomach or the remains of such in the intestine the worm was plen- 

tiftul. Furthermore, where nothing was found in either stomach or 
intestines, other than yellowish chyle in the latter, -- as in most 
fish examined -- indicating amphipods and other small crustaceans 

| as food rather than small herring, the worm was also common. All 
Stages from the youngest strobilae, such as that shown in Fig. 77, 


| 
| 
to the oldest were found, but none nor any plerocercoids, if such 
| 


thorough dissection of the available stomach contents of the host, 
| ind 
| both fish and crustaceans. In a number of cases, nevertheless, 
| Only very young strobilas were found in the intestine of the host, 


thus pointing to possible sudden infections at different times. 


Wagener, who figured the youngest strobdila, nothing much more than 
the scolex, that has yet been recorded, says nothing more concerning 
the life history than that, on account of the excretory vessels 
Opening separately to the exterior in this very young specimen, 
there might possibly have been a venicular appendage to the larva 
in the nature of an enveloping cyst comparable to that described and 
figured for "Dibothrium (Belones?) "from Scyllium canicula, con- 
eerning which he said (p. 45): "Vergleicht man diese Form von 
Cysticercus mit den vorigen, so ergiebt sich, das der Unterschied 
mur in dem Aufhangebeutel sich findet, der Kopf und Blase verbindet" 
(Cysticercus fasciolaris Rud.) 
A detailed description of the species is here given, not 
only because it is evidently the only one belonging to the genus, 
| but because such seems to be quite lacking from the European litera- 


ture, which made the determination of the species here a matter 
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attended with considerable uncertainty. The writer, however, 


considers that so far as the published accounts and reports of the 


pecies go, we must look upon the form on this side of the Atlantic 


0 be the same as the 0. crassiceps of Europe. 


-<@ 


_ he material studied consisted of eight lots in the writer's 


| collection from Merluccius bilinearis agi above listed. 
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Subfamily 2. AMPHICOTYLINAE Luehe, 1902. 


Scolex with two typical, mostly not very deep bothria, which 


can nevertheless develop posterior,sucker-like portions. In an 


isolated case a pseudoscolex is substituted for the scolex. Ex- 


ternal segmentation insignificant, at times disappearing thru acces 


ory wrinkling or folding of the surfaces of the proglottides. 


Opening of cirrus and vaginal marginal, irregularly alternating, 


with more or less strongly pronounced tendency to unilaterality. 


Uterus-opening median; uterus-sec always well developed. Coiling 


of vas deferens strongly expressed. 


In fishes. 


Occurrence: 


Type genus: Amphicotyle (Diesing,1864) Ariola 1900, e.p. 
Luehe 1902. 


Genus 1. Abothrium van Beneden, char. emend. Luehe, 1899. 


Taenia (part.) Auctorun. 
Rhytis (part.) Zeder, 1803. 


Bothriocephalus (part.) Rudolphi, 1809. 
Bothriocephalus (part.) Rudolphi, 1819. 


Bothriocephalus (part.) Leuckart, 1819. 


Bothriocephalus (part.) Dujardin, 1845. 
Dibothrium (part.) Diesing, 1850. 


Bothriocephalus (part.) Baird, 1853). 
Dibothrium (part.) Diesing, 1863. 
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Bothriocephalus (part.) Olsson, 1867. 


Abothrium Beneden, 1871. 


Abothrium Moniez, 1881. 
Dibothrium (part.) Linton, }890. 
Abothrium Loennberg, 1891. 
Bothriocephalus (part.) Matz, 1892. 
Bothriotaenia (part.) Ariola, 1896. 


Rigzenbach ,1896. 
1899. 


Bothriotaenia (part.) 


Abothrium Luehe, 


Bothriotaenia (part.) Ariola, 1900. 


Abothrium Luehe, 1900. 


Abothriunm Luehe, 1910. 


Generic diagnosis; Scolex not exceptionally elongated ,with 


two powerful but not especially deep bothria. Segmentation in 


older portions of the strobila mostly insignificant on account of 


superficial wrinkling of the individual proglottides; ripe pro-= 


glottides essentially broader than long. Longitudinal nerves the 


lateral borders, dorsal to the cirrus-sac and vagina. Testes ex- 


Vitelline follicles of very 


clusively between the nerve strands. 


irregular shape, in two broad lateral fields, in part at least be- 


tween the bundles of the longitudinal muscles, the follicles of 


individual proglottides not especially separated from one another. 


Ovary scarcely lobed, more or less bean- or kidney-shaped. Shell- 


Uterus-sac in ripe proglottides an 


gland dorsal to the ovary. 


i ae | 


uost botaragea: Watooges apes: 
ebage de-yoab id 10 -nged ava fo! 


ie Pie 


7. 
ulead estas 


a + 
oe LTH o fl aes ‘ 

j ' 
ef, t o af gon. 


4 t 
: iy noo! ‘ h c ' 
a Peding ey anled gee oli [ 
. : od ~ r, es "a g) siteatoind ‘ of 
| Sida lanes abst 
, . anita 
. , i : f . ik + 
: ry Ff 
. eS * sea 
| me T 
> is ai 
luncitgeoxe fon zelopf . seteongaibh csitenee 
S13 ¢ -Sindjed qeeb Uifslosaee toa dud = 


SeapEtia sisni yiitom aiblowss env To ecole 


af 


(eehis Jolgota LIsubivilwt, add 29 gai tdatan tale 
ribptigcot synol nmdt avbaard (itary none. 


any haa oa e-snrats ott 03. Laedth veigied 
Kbalade evden ant so endad 


gol ,#bier? Sanogat baba ont pie o- ; ; 
wai 


ilo? earifarry 


43 jaeloonm Lyats Pgnok, nad ‘to — 


rf "ia " Y vis a 


| 
246 


undivided cavity, occupying the whole of the medullary parenchyma. 


The openings of the uteri correspond to a more or less prominent 


median longitudinal furrow of the chain of proglottides. 


Type species: A. rugosum (Batsch). 


Species 1. Abothrium rugosum (Batsch,1786). 
(Figs. $4 —92.) 
1873 Taenia decémpolliceris Strussenfelt ie Sor 


1781 Taenia tetragonoceps (part.) Pallas 1781 : 88 
1782 “Der runzlichter Fischband= Goeze 1782.2 416 


wurm" 


Taenia rugosa Batsch 1786 : 208 


1788 Taenia tetragonoceps (part.) Schrank 1788 : 46 


Taenia rugosa Gmelin 1790 : 3078 
Taenia rugosa Rudol phi 1802 : 107 
1803 Rhytis conoceps Zeder 1803 : 292 
Rudolphi 1810 : 42 


Bothriocephalus rugosus 
Bothriocephalus rugosus Lamarck 1816:168 


1819 Bothriocephalus rugosus Rudolphi 18l9 3 137 
1819 Bothriocephalus rugosus Leuckart 1819 2 57 
1845 Bothriocephalus rugosus Dujardin 1845 : 618 
1850 Dibothrium rugosum Diesing 1650 2591 
1853 Bothriocephalus rugosus Baird 1853 : 88 
1863 Dibothrium rugosun Diesing 1863 : 239 
1867 Bothriocephalus rugosus Olsson L867 : 53 
1871 Abothrium gadi Beneden LST). 3 -S6 


Abothrium gadi Moniez L661 +, 167 
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Bothriocephalus rugosus Linstow 1889 : 


Bothriocephalus rugosus Monticelli 1889 ; 
Dibothrium rugosum Linton 1890 : 


Abothrium rugosum Loennberg 1890 ; 
Abothrium rugosum Loennberg 1891 ; 
Bothriocephalus rugosus Matz 1892 : 
Bothriotaenia rugosa Blanchard 1894 ;: 


Bothriotaenia rugosa Ariola 1896 : 


Bothriotaenia rugosa Riggenbach 1896 : 223,228 


Bothriotaenia rugosa Muehling 1898 : 35 
Abothrium rugosum Luehe 1699 v3 "39 
Bothriotaenia rugosa Ariola 1900 : 432 
Abothrium rugosum Luehe 1900a:101 
Dibothrium rugosum Linton 1901 ; 412,476 
Bothriotaenia rugosa Schneider 1903a: 7 


Abothrium rugosum Luehe 1910°%s 26 


Specific diagnosis: With the characters of the genus. 
Large cestodes with maximum length, breadth and thickness of 1000, 
7 and 2mm.,respectively. Scolex present only in very young stro- 
bilas, when conical and provided with very weak bothria, changing 
with age to a pseudoscolex of various shapes, usually imbedded in 
pyloric coecum of host. Proglottides at first broad and very 
short, obscured by irregular transverse and longitudinal pugae, 
then gradually lengthening with age until finally they are quadrate 


or longer than broad. 
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Cuticula 5y thick, subcuticula Ol4mm. Small calcareous bodies, 


20» in length. Longitudinal muscles in bundles, transverse for- 


ming septa between proglottides. Nerve strands dorsal to cirrus 


and vagina, 45, in diameter. Two chief excretory vessels anterior- 


ly, passing into 30-35 posteriorly. 


Genital cloaca irregularly alternating, between first and se= 


Vagina opens immediately 


cond thirds of edges of proglottides. 


behind the cirrus and slightly ventral; no hermaphroditic duct. 


Testes in two lateral fields, discontinuous from proglottis to 


proglottis, ellipsoidal, flattened anteroposteriorly, 40 x 90 x 85 


p, and 45 to 60 in number. Vas deferens lateral to uterusesac 


with few coils before entering the cirrus-sac, 350 x 70-80y . Cir- 


rus-sac ovoid with narrow end outward, 174 to 2774 long by 92 to 


102 in diameter. Cirrus straight in outer half of sac, proximally 


coiled or dilated. 


Ovary large, entire, kidney-shaped (isthmus as thick as the 


wings), 0.6mm. wide, occupying the posterior half of the median 


portion of early mature segments. Ova conspicuous, nuclei large, 


10-13» in diameter. Oocapt 344 in diameter. Beginning of oviduct 


Zeshaped. Right and left vitelline ducts join ventrally; common 


duct acts as reservoir. Vitelline follicles entirely within lon- 


gitudinal muscles, discontinuous, intermingling laterally with the 


testes, irregular in shape and size, largest 30, 90 and 70pin 


length, width and thickness, respectively. Shell-gland compact. 


Uterine duct with only a few coils close to the median line; uter- 
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a pyloric coecun. 


stantly rounded laterally; openings in median zig-zag row. 


249 


us-sac occupies the whole of the dorsoventral diameter of the meduld 
la, very wide and short or irregularly circular or quadrate sur- 


ficially, often lobed, 0.75 to 1.6mm. in transverse diameter, con- 


Eggs, 80 - 98y long by 75 - 92 wide, shell quite transparent. 
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Collector 
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Gadus merluccius Rennes,¥rance Dujardin Dujardin 1845;617 


" — morrhuea. Warberg Olsson Olsson 1867:54 


F Grand Banks, Lee Linton 1890:750 
Newfoundland 


it " Bergen Loennberg Loennberg1890:23 


pollachius Rennes Dujardin Dujardin 1845:617 


' z Warberg Olsson Olsson 1867:54 


, Bergen Loennberg Loennberg1890:22 


, . Grafverna & Olsson Olsson 1893:17 
Naset,Sweden 


4 : Millport,Scot- Nicoll Nicoli 1910:855 
land 


ee a Siebold Baird 1853: 


Memel & Ross- Muehling Muehling 1898:35 
itten 


Tvarminne Id., Schneider Schneiderl903b:8 
Finland 


Morrhua aeglifinus England Cobbold Cobbold 1858:158 
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vulgaris i ‘ i " 3159 


" 4 Belgain coast JBeneden Beneden 1871:56 


Merlangus carbonarius England Cobbold Cobbold 1858:159 


Merluccius vulgaris Yarberg Olsson Olsson 1867:54 


Melanogrammus aegli- Woods Hole  -------- Sumner, 
finus Region Osborn 


& Cole 19138:586 
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Melanogrammus aegli- Passamaquoddy Cooper Cooper 
finus Bay ,New Bruns. (the present pa- 
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One of the most striking features of this species is the 
presence of a pseudoscolex which is found embedded in the intes- 
tinal coeca or intestinal wall of the host, from which it ig ex- 
tracted only by careful dissection. Goeze (1782 > 418, Figs. 1, 4 
and 5) described a scolex, somewhat elongated, sagittate and irre- 
gular but otherwise quite comparable to that of other bothrio- 
cephalids, while Rudolphi (1810 : 43, 44) does not seem to have 


found anything but such a structure in Gadus lota. Dujardin 


(1845 : 617) was evidently the first to describe the pseudoscolex 


by saying that, " ... la partie antérieure [of the Strobila] en- 
gagee dans l'appendice pylorique forme une sort de bovuchon, 
cylindre irrésulier, cartilagineux, long de 18mm., large de 

Tide on torfileux et sans ancune trace d'organigation ..." 
description, however, was not recognized by Diesing (1850 : 

Since he accepted Rudolphi's diagnosis, namely, 

tum, bothriis oblongis lateralibus ...", and Baird (1853 : 

dently saw two bothria, probably owing to the fact that he was 
dealing with specimens from Lota vulgaris (vide infra). Cebvold 


(1858 : 158, 159) was well acquainted with the pseudoscolex, since 


that “In a Cod examined on the 15th of March, 1885, two specimens 
of Bothriocephalus rugosus had severally attained a length of 
nearly fifteen inches, and their anterior segments for an inch or 
more downwards, were so firmly impacted within the pancreatic 
coeca, that it was found impossible to dislodse them without injur- 
ing the filamentary head and neck. As if to make the anchorage 


doubly sure, the cartilaginous thickening of the invaded pancreatic 
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coecum had degenerated into a calcareous and contracted 


twisted upon itself in various ways." Olsson (1867 


Wise found a pseudoscolex in this species, which he describded as 


being degenerated in Gadus morrhua to a yellow, elongated mass 


which disintegrated on contact with water. It was 18-25mm. in 

length by about 3mm. in diameter, while its position was, as usual, 
in the wall of a pyloric appendage of the host. He also figured 
@ young strobila from Gadus aeglifinus, the scolex of which he con- 


sidered to have been invaginated. Van Beneden (1871 : 56) observed 


the pseudoscolex in his new genus and species, Abothrium egadi, 


which was afterwards considered to be synonymous with A. rugosum, 

stating that "Ils ont la téte vera le fond des coecums pyloriques, 
bia 5 : a 

percent ordinairement les parois et forment, par la gaine, souvent 


= 4 F . ‘ 
dure et entortillee comme une tabulaire, une saillie a la surface 


de cet organe." So far as the writer is aware, he gave the first 
fisure of the structure, as it is commonly met with, encased, how- 


ever,by the walls of the pyloric coecum in which it was found 


lodged. Von Linstow (1889 : 2428) described and figured a scolex 


somewhat similar to that of A. crassum, escepting that the apex 
was hollowed out to form a six-cornered opening which communicated 


with both bothria. Linton (1890 : 750) found pseudoscolices in 


examples from the codfish, "Gadus morrhua", which were much as de- 
scribed by Olsson, since "each of the specimens in this lot has the 


head and anterior part of the body buried in the pyloric caeca, 


where they have undergone degeneration to such an extent that no 


appearance of bothria remains. Around the parts thus enveloped by 


the caeca is a yellowish waxy deposit, the degenerated tissue of the 
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caeca. This adventitious tissue invested the worm so closely that 
it would be absolutely impossible for the parasite to free itself 
from its host." The next important reference to the scolex was 

by Loennberg (1891 : 75 ) who, while accepting Van Beneden's new 
genus, Abothrium, referred the species back to rugosum of Batsch, 
and described the metamorphosis of the anterior end of the strobila 
into the well known pseudoscolex, accounting for the various forms, 
such as figured here. It is noteworthy, however, that he did not 
State specifically that bothria are present in very young scolices, 
before this transformation takes place, nor did he give any figures 
to illustrate the latter. Matz (1892 : 114) paeeni cH and figured 
a typical scolex for a specimen 36cm. long from Lota vulgaris, 
while Schneider (1903a : 9) in delineating a similar structure for 
the species from the same host, pointed out its great similarity 

to the scolex of B. proboscideus (= A. crassum). Perhaps of sig- 
nificance in connection with the question of the metamorphosis of 


the organ is his statement that "Der ganze Scolex kann sich n&mlich 


durch verschiedene Contraction seiner Muskeln in ein pfeilfdrmiges, 


oder fast cubisches, oder sogar sichelformiges Gebilde verwandeln." 
Later Johnstone (1907 : 170,171) described the pseudoscolex with 
Considerable detail, finding quite the same conditions as did Linton 
On account of never meeting with anything like a typical scolex in 

| adult worms he was led to conclude that "Probably in young codling, 
recently infected, a stage of the cestode with such a scolex might 
be found but doubtless with increasing age the changes mentioned 
above occur, and the normal structure of the head disappears." And 


lastly Scott (1909 : 85) made somewhat similar statements, pointing 
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out that " ... no satisfactory description of this part of the worm 
(the pseudoscolex) has yet been published." Thus we see that, 
aprt from Olsson's (1867 : 54) finding in Gadus acglifinus of a 
possible young stage in the degeneration of the scolex of this 
Species, no one has, as yet, figured in detail its metamorphosis, 
boennberg, however, giving the only description of the process. 

On the other hand, a typical scolex has been described by several 
writers, as pointed out above, for what has been taken to be the 
game species in Lota vulgaris, but since there is evidence that 

the latter is quite different from the species found in marine 
Gadidae and since the specimens from Lota maculosa, studied by the 
writer, were found to belong to the well known A. crassum, we must 
attribute a pseudoscolex only to adults of A. rugosum, at least 
until the peasucion, (vide infra) which exists in the literature re- 
garding the form from Lota can becleaned up by further investiga- 
tion. 

, Two forms of scolex which were dissected out by the writer 
from the pyloric coeca of Melanograumus aeglifinus, the Haddock, 
and Gadus callarias, the Cod, as shown in Figs. 87 and 88, respec- 
tively, the latter being from the largest specimen at hand, while 
what is doubtless @ younger stace in the degeneration of the scolex 
is shown. in Fig. 86 from the intestine of a Haddock, A series of 
transverse sections of this one, brought out that the internal 
anatomy was quite suggestive of a typical sxolex, that of A. crassum 
for example. As shown in the figure, the structure is somewhat 


flattened; and this flattening was found to be a dorsoventral one. 


While there were only faint suggestions of bothria, especially 
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towards the tip, the arrangement of the muscles, nerves and excre- 
tory vessels pointed to this being possibly not far removed from 
the typical form of scolex; and this view is supported by the facts 
that it was found free in the anterior part of the intestine of the 
Haddock, altho, unfortunately, the length of the strobila was not 
recorded. Among a lot of material taken from several Haddock two 
examples of the sfolex, as it would seem to be at or about the 

time degeneration sets in, were found. The first one, shown in 
Fig. 84, was from the smallest strobila at hand, 22mm. in length, 
While the other, Fig. 85, from an older chain only the anterior 

6nd of which was present with a length of 32mm. and maximum breadth 
er °ays. As indicated, the second is evidently the older from the 
standpoint of the metamorphosis, since it is more conical and less 
separated from the neck region which is slightly swollen, while the 
bothria are disappearing as the whole structure is approaching the 
stage represented by Fig. 86. In Fig. 84 are seen somewhat more 
efficient bothria, but the shape of the organ points to a consider- 
able amount of degeneration having already taken place. The second 
form of scolex is shown in Fig. 87. Here the structure is like- 
Wise not embedded in the wall of the pyloric caecum in which it is 
1 found but free in its lumen, the anchorage for the strobila being 
obtained by the close approximation of the mouth of the caecum 
around the narrow neck region and the concomitant ee of the 


more distal portions. Furthermore, the indications are that a con- 


Siderable portion of the anterior end of the strobila is involved 


in the: formation of the organ, especially since it is comparatively 


large. The third form observed is shown in Fig. 88, where degener- 
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ation has gone on to such an extent that there remains only a 
filamentous, horny or cartilaginous yellow mass, deeply imbedded 

in the wall of the caecum, from which it was dissected with con- 
Siderable difficulty. Only the tip is shown, there having been 
about 6mm. more to the region where it left the host tissues and 
passed insensibly on to the anterior portion proper of the strobila, 
Which latter showed only faint transverse wrinkles and no distinct 
division into segments, as is seen, with some irregularity, however, 
me Pigs 87. This form of pseudoscolex was found, as described by 
Olsson, Linton and Johnstone, to be surrounded by the tissue of 

the coecum degenerated to a yellow waxy mass which, when freed from 
the surrounding tough tissue, crumbled easily under the dissecting 
instruments. The comparatively great extent of the organ longi- 
tudinally in the wall of the host's pyloric coecum, as the measure- 
ment indicates, need not be emphasized if one has ever endeavored 
to dissect it out entire! 

As stated above there is considerable evidence in the 
literature of this species to indicate that the form found in marine 
Gadidae and called A. gadi by van Beneden (1871 : 56) is not the 
same as that found in the only fresh-water gadid, viz., Leta. In 


endeavoring to place a number of specimens from Lota maculosa, it 


was found that in many points they agreed with thedescription given 


by Matz for A. rugosum. The scolices are more or less alike, no 
pseudoscolex (see below, however) being present; the longitudinal 
muscles are not in bundles; the nerve strands are dorsal to the 
Cirrus and vagina; the genital cloacae are irregularly alternating 


from side to side; the vagina open? ahead. of the cirrus instead of 
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| behind; the testes are continuous from proglottis to proglottis; 

the vitelline follicles are located among the longitudinal muscles 
and are discontinuous; and the uterus-sacs are rounded laterally; 

of which characters, however, the position of the nerve strands and 
the alternation of the cloacae are applicable to the material from 
the marine Gadidae studied. In many more points, on the other 
hand, the species agreed with A. crassum, so that the writer was 
@bliged to consider it to belong to that species. A comparison 

of Matz's daverigtion with that of Loennberg brings out many differ- 
@nees. Loennberg described a pseudoscolex, calcareous bodies, the 
longitudinal muscles in bundles, the other sects of parenchymatous 
Muscles as above described, the vagina opening behind the cirrus 
and ventrally, testes discontinuous, vitelline follicles within 

the parenchymatous muscle-sack and also discontinuous, none of which 
characters are to be found eewatuicg description, but all of which 
are present in the material at hand from marine Gadidae. It is to 
be noted here that Loennberg accepted the specific name rugosum of 


Rudoiphi instead of the gadi of van Beneden, which as w:ill be seen 


| presently may not be admissable. Going back, then, to the only 


other and the earliest description of the anatomy of the species 
that of Linstow (1889 : 242-5), we mect with similar difficulties 
and confusion. Linstow gave as hosts for the species, which he 
called B. rogosus Rud., Gadus aeglifinus, G. morrua, Merlansus 
garbonarius, M. pollachius, Merlucius vulgaris, Lota vulgaris, L. 
molva.and Motella mustela. Characters in his description not 
applicable to the material studied were: No pseudoscolex, but scolex 


of a rather peculiar shape and structure terminally (vide supra); 


cenicaas | 


- 


7 2S , owe 


si A 


> 


ate sbiv) ile rhaned Peeeines 0 


aie vit Les, 
wa FG > no ly taog aa aay enon a 
1L¢ POLLS ote ators st 6 oe 


- 7" =e pt 
On Tia BE sbelfule S508 


~ * 
i” a eo an ry 
J ,BVEegero ss Be ky beat cs een 
_—< ed Cee — - “ | 
+ in + rs »> ® 
: iarec | > I¢ 
r U ; < _ 
4 ri bd Jugs ) ~~ f i on 
La if s Z 
4<e 
15 * oy ; ; - , F 
4 < aes ~ ¥ ® io 
te ‘ .© es ei j f = 


iw c 
5 5 = u f MAMTEF OU Foi 
d ei spoT? bass ts Letcntas 


it of 639 Se te ‘ oer OT MOR 2S Cal sade otek 
, aRered. a nH te ae rin to Seotens 

we : : , ie 

at ,doed (ented. goldaeg habs o¢ jon [ae 

oF ae aitd 20 notheteeas) taet : Litho “me 
slinia of fe then oe : (ames it ja £} ayers 


ony ad Ra, potent 


( Aled shire aly OAf ubogtan 
teach eld it atee ops 
copobapeg Oe orsw, Betbote 


cory 


Die Tod . . 
a a Ld 4 e 0 


nerve strand 56 pe in diameter; 10 excretory vessels anteriorly 
arranged in two groups of five cach; genital cloacae unilateral, 
between the middle and hinder thirds of the edge of the proglottis; 
vagina opening ahead of the cirrus; length of cirris-sac 0.42mn. 
(1); ovary 0.14 x 0.12mm.; uterus spherical when obviously young; 
and eggs 59 x 43p. Testes with a diameter of SO, vagina 16- 
Bop. in diameter at the beginning, and two vitelline ducts, be- 
sides a few other minor points in the general anatomy, agree, how- 


6ver, with the species as studied by the writer. Thus we see that 


f there is by no means anything like complete agreement as regards 


details among the three descriptions by Linstow, Loennberg and 
Matz. But this does not seem to have inconvenienced many of the 
writers since then, notably Ariola (1900 : 432) and even Luehe 
(1900a) whose references to the position of the vitelline follicles 
and the ventral bow in the vagina are at variance with conditions 
found here; altho Johnstone (1907), Scott (1909) and Nicoll (1910) 
were obviously dealing with the form described by Loennberg. 
Schneider (1803a : 7-10) seems to have been the only one who point- 
ed out the differences between the form from Lota and that from 
marine Gadidae. 

ihrem Aussehen, als auch in ihrer Anheftungsweise ausserordentlich 
der Species B. proboscidea, die in unseren Lachsen (Salmo salar) so 


massenhaft vorkommt. Trotzdem pflect man aber seit Rudolphi, so- 


viel mir bekannt, immer die in Lota meist vorkommende Form als eine 


getrennte Species aufzufassen unter dem Namen "rugosa" (Bothrio- 
cephalus rugosus Rud. = Dibothrium rugosum Diesing u.s.w.), ob- 


gleich die unterscheidenden Merkmale zwischen B. proboscidea und 


a | 
= ee 
- Lata) 
"a 


- tietep yictecss OL FaPemiieges 
Sif o@ibets fasineos oie svit 20: ees 
civ te wets el! to eho maha bine 

ie -Easte to Aagaek “(eurtts edt a 5 
oo Lio creder eiaery J mS EO 
«4 9 etons Sal Ge ie sama? 
wt bree (Bibne toed welt’ te pees 


4 


Cetadss 742 at afdind Yoni 
5 tei is ene’ eo heitutu gs ne dodge 


» efolgsoo eaft muifseyae eee 


wicevypsAor: ovad> a? Bose ten’ ecoi 


ieee Aste ( SE ’ i re, : ij BLOTiA ¥, Loesou uit s ay 


re Suey 16 not EBOG. ent: ay haorsawe 
5 228 O0ceLseY PS. otLl atiinay aed aot wor J 

Y Pos (evel) s+e028 . (N02 E)  @hodteadel, 
heciivead xrotcedt. dear prtlaee vita 
1Go wee eve at amsee (OL+T 9 leBS 43 5, 
yot® ents ade aeuudod renqe elite 
-ousake aataepaialeed™s +i ram ol aagal 


Lope te + UpsltT teeaie jek Aois8 oie ics: 
Lek) tivedead Bie tases at ally pmtnentets. «5 
neh! ¢loe fede eae 2 gig mphetcrt ot RnaON 
rior eheonadktor tehem Atoll pe eat. s2nn. : oan 
pe) 9 seomaen amait whee 2H, esohienn ue sa 
oe Og teen aueons, 1 ee 


holy ey , S emowiee sain ond Sal adie ie os 
: S 2 a oes as : 
ee oy Sao ean 


B. rugosa, die Riggenbach in seinen "Bemerkungen ueber das Genus 
Bothriotaenia Railliet" Ubersichtlich zusammenstellt, recht unbe- 
@deutend sind und vielleicht doch noch im Rahmen der Variationsbreite 
einer einzigen Species untergebracht werden konnen;" and, as regards 
mne latter, in a footnote: "Die von M. Luehe ... als Unterscheidungs 
merkmal vorseschlagene Lage der Dotterstacke zum Theil (Be rugosa), 
bzw. auschliesslich (B. proboscidea) zwischen den Langsmuskeln, 
scheint mir auch nicht genugend constant wu sein, um als Species- 
merkmal verwandt werden zu koénnen." For material from Lota vul- 
garis Schneider described a scolex and segments both similar, as 

he pointed out, to those of B. proboscidea (= A. crassum). The 
@rrangement of the genital cloacae, irregularly alternating but 
unilateral for long stretches, the openings of the uteri in a long- 
itudinal furrow, the early form of the uterus-sac and the size of 
the eggs (64.5 p x 50-52), as described by the same worker all 
agree with A.crassum as studied by the writer (ef. Anfre). s Inseoen- 
clusion Schneider said: "Uebrigens habe ich, wie gesagt, auch an 

| die Examplaren aus dem Museum keine Pseudoscolexbildung bemerkt 

und zweifle daran, dass B. rugosa und B. gadi ein und dieselbe Art 
sind" and further, "Es ist mir Ubrigens bisher noch nicht geluncen, 
B. rugosa oder B. gadi in Gadus morrhua des Finnischen Meerbusens 
@ufzufinden, obgleich ich zahlreiche Exemplare des Dorsches seciert 
habe, und obgleich B. rugosa in Lota vulgaris hier oft genug vor- 
kommt. Auch das scheint gegen die Identit&t der Species B. rugosa 
mit B. gadi zu sprechen." 


‘Thus we gee that there is considerable detailed evidence 


that the species from Lota is not the same as that from the marine 
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hosts. We must then go back of Linstow's time in order to deter- 
mine, if possible, what is the correct name for the latter. Next 
in retrogressive order is van Beneden's (1871 : 58) description 

of A. gadi, confined to a short footnote which deals with little 
more than the pseudoscolex. So far as it goes this agrees with 
boennberg's A. rugosum and with the material studied by the writer. 
Olsson (1867 : 54) was obviously dealing with the same form which 
he reported from marine hosts only. Diesing (1863 and 1850) copied 
from Rudolphi while Cobhold (1858) had the marine form before him, 
and Baird (1853) had the fresh-water form. In spite of Linstow's 
Objection the writer feels certain that Dujardin (1845) also had 
the species dealt with here, especially since his measurements of 
the eggs come nearest to those observed than to those of any other 
Writer. It remains then to enquire into Rudolphi's finding and 
description, Leuckart (1819 : 57) copying from him altho at the 
same time remarking that "Ist am’nichsten mit den B. proboscideus 
verwandt, und, wenn er nicht eine Art mit diesem ausmacht zwischen 
B. proboscideustund B. sagittatus zustellen." For B. rogosus 
Rudolphi, (1810 : 42-43) described a scolex, quite comparable to 


that of his B. proboscideus and to Linstow's desdription and figure 


Of the organ, no neck and segments "primi angusti, fere quadrati, 
insequentes latitudinis ratione habita brevissimi, saepeque inequal- 
€s, vel hine inde angustiores; margines abtusi crassinusculi." 

This with "weque ovaria, neque foramina articulorum vidi ... " and 
the further fact that he obtained his specimens from Gadus iota 

(= Lota vulgaris), leads the writer to believe that he was not 


dealing with the form present in marine hosts but with a form 
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} which, if not identical with A. crassum, -- his B. infundibuli- 
formis and B. proboscidens, -- was very close to it. We must then 
go back farther to Batsch (1786 : 208-9) where the species, T. 
rugosa was named on the basis of Goeze's (17823 : 410) description 
of "Der runzlichter Fischbandwurm" from Gadus mustela (= Motella 
mustela), the marine five-brearded Rockling of Europe, which the 
latter called T. tetragonoceps Pallas with some doubts, however, 
@s discussed under the next species dealt with here. Batsch. gave 
the following diagnosis of T. rugosa: 
"Tacnia (larvata)capite conico cum corpore 

subconfluente, papillis lateraliter adnatis usque 

ad a@picem pian then eisque binis: articulis brevis- 

Simis, dilatatis, corpore serrato." 
He used Goeze's Figs. 1-4 and pointed out that he (Goeze) recog- 
nized differences between his specimens and Pallas' T. tetragono- 


ceps, for "Er rechnet beyde Wurmer fur eine Art, und die Glieder 


nebst dem ganzen Korper haben viel Gleichheit, auch die aussere 


Gestalt des Kopfs. Doch sind bey diesem letztern die Saugblasen 
bey weiten nicht so deutlich gezeichnet, und stellen vielmehr, wie 
sich Gotze ausdriickt, zwey Backenbarte vor. Die Furche auf dem 
Korper ist auch vorhanden, nur scheint der Korper mehr gestreckt, 
und am Rande mehr zackig zu seyn." Consequently the corregt name 
of the species depends on whether we consider Goeze's description, 
augmented by Batsch's contributions, to be applicable to the 
material at hand. The largest of Goeze's specimens measured in 
warm water a yard and a half in length by scarcely one-half a line 


in breadth; but the latter is decidedly at variance with his Figs. 
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1 and 2 which he said were drawn in "naturlicher Grosse", in which 
case the width would be from 7 to 15 lines and the scolex about 
12.5 lines (6mm.) in length! For such large specimens, -- even 
tho we consider only the first set of measurements, -- he described 
and figured nothing of diagnostic value other than a scolex pro- 
vided with two bothria pretty much of the ordinary type, behind 
this a "distinctly jointed" and "almost cylindrical" neck and! along 
both surfaces of the posterior closely crowded segments a | 
tongitudinal furrow, all of which characters more nearly agree 

with the proboscideum type of A. crassum (vide infra) rather than 
with the A. rugosum described above. And since the latter is 
clearly not T. tetragonoceps Pallas as described by Batsch (l.c.: 


204-208), the only course that seems open to the writer is to refer 


the species to van Beneden's Abothrium gadi. However, in view of 


| the fact that no material from the European ling (Lota vulgaris) 
was available for a comparative study, he does not feel justified 
in taking this step, but here retains at least tentatively the 
specific name Abothrium rugosum (Botsch, 1786) (nec A. rugosum 
Goeze, 1782). 

The material studied consisted of seven lots from Melano- 
grammus aezlifinus, and one from Gadus cA@llarias, from the writer's 


Sov.eccti0on; and one lot from the latter host from Coll. Univ, Ill. 
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Species 2. Abothrium crassum (Bloch,1779) 


| 
| 
(Figs. 93 —106.) 

Taenia crassa Bloch 1779 : 545 

| 1780 Taenia salmonis Mueller 1780 : 179,202 

1781 Taenia tetragonoceps (part.) Pallas 1781 : 87 
1782 Taenia capite truncato Bloch 1782 : 15 
1782 “Der runzlichter Fischband- Goeze 1782 : 410 

warn” 

1782 Taenia proboscis suilla Goeze 1782 : 417 
1786 Taenia tetragonoceps Batsch 1786 : 20@ 
3786 Taenia proboscidea Batsch 1786 : 212 
1790 Taenia salmonis Gmelin 1790 : 3080 
1790 Taenia salvelini Schrank 1790 : 125 
1793 Taenia salvelini Schrank 1793 : 141 
1795  Taenia salmonis Rudolphi 1795 : 17 
1802 Taenia salmonis Bose 1802 : 308 


Rudolphi 1802 : 106 
Zeder 18038 : 292 
Rudolphi UBIO) +. 39 


1802 Taenia proboscidea 
1803 Rhytis salvelini 
1810 Bothriocephalus proboscidea 


1810 Bothrioc. infundibuliformis Rudolphi 1810 : 46 
Lamarck 1816 : 582 


137,472 


1816 Bothrioc. proboscidea 


3819 Bothrioc. proboscidea Rudolphi 1819 : 


- 1819 Bothrioc. infundibuliformis Rudolphi LOLS: 2 187,473 


1819 Bothrioc. proboscidea Leuckart 1819 : 38 


1819 Bothrioc. infundibuliformis [oyckart 1819 : 42 


— 
ye 
te 
+ 


Looe | 


¢ O8VT 


Serv 


‘aiettea). a a 
sailat (bag) 
doola | ad: Be 
6190: ~braddoes aoltott nnd 


xeot elfinn atpeodoagy 


doedad ade oho yet od all 
doedel, asbiosodotg 2h 


ai Leed eer 
tn aide initov fap tt 
dnenrdoe | litiovles aim 
dq fo bul | | etvotilen 
on08 e ninonisa ‘gh 
inigloigy a pb inwodeng a 
nobet | a 
idaio Sufi 
idglobag 
toeaatad 
fy fobug 


tsb _ Sechlie 


dxntowed 4 


1843 
1844 

1844 
“1845 
1845 
1846 
1850 
1850 
1853 
1853 
1863 
1863 
1867 
1871 
1878 
1884 
1889 
1892 
1893 
1893 
1894 


1896 
1896 
1899 


Bothrioc. salmonis umblae 


Bothrioc. proboscideus 


Bothrioc. infundibuliformis 


Bothrioc. proboscideus 


Bothrioc. infundibuliformis 


"Bothriocephalus du Saumon" 


Debothrium proboscideum 


Dibothrium infundibuliforme 


Bothrioc. proboscideus 


Bothrioc. infundibuliformis 


Dibothrium proboscideum 


Dibothrium infundibuliforme 


Bothrioc. proboscideus | 
Bothrioc. proboscideus 


Bothrioc. 
Bothrioc. 
Bothrioc. suecicus 
Bothrioc. 
Bothrioc. 
Bothrioc. proboscideus 


Bothriotaenia infundibuli- 
ormis 


infundibuliformis 


infundibuliformis 


infundibuliformis 


infundibuliformis 


Bothriot. infundibuliformis 


Bothriot. infundibuliformis 


Abothrium crassum 


Koelliker 
Bellingham 
Belliggham 
Dujardin 
Dujardin 
Blanchard 
Diesing 
Diesing 
Baird 
Baird 
Diesing 
Diesing 
Olsson 
Beneden 
Linstow 
Zschokke 
Loennberg 
Matz 
Olsson 
Olsson 


Blanchard 


Ariola 
Riggenbach 
Luehe 


1843 ;: 
1844 : 
1844 : 
1845 : 
1845 : 
1847 : 
1850 : 
18598 : 
1853 : 
1853 : 
1863 : 
1863 : 
1867 .: 
Lo7l 
le7S. : 
1884 : 
1889: 
1682 
ieea 
1893. 
1894 : 


1896 : 
1896 : 
1899 ; 


252 
253 
615 
616 
116 


590 
590 
88 
88 
242 
242 
93 
69 
263 
ol 


85 
1s 
17 
17 
701 


280 
£23 
39 


1900 Bothriot. proboscidea Ariola 1900 : 

1900 Abothrium crassum Luehe 1900a: 97 
1909 Bothrioc. proboscideus Scott 1909 oO °76 
1910 Abothrium crassum Luehe POLO. 4-26 
1910 Abothrium crassum Ward 1910: 1184 


Specific diagnosis: With the characters of the genus. Large 
cestodes with maximum length, breadth and thickness of 870, 6 and 
emm.,respectively. Scolex variously shaped; usually rounded pos- 
teriorly and truncated anteriorly; with prominent bothria and ter- 
minal disc. First segment may or may not be elopated to form a 
short neck. Proglottides at first broad and short or more qua- 
drate, cuneate or infundibuliform in shape; then, in the middle of 
the strobila, five or more times broader than long; and finally 
posteriorly quadrate or as long as broad. Usually a median lon- 
gitudinal groove down each surface of the strobila formed by emar- 
ginations on the posterior borders of the segments. 

Cuticula 4 to 5p thick, subcuticula60 to 100». Calcareous 
bodies (?) absent in adult strobilas. Longitudinal muscles not 


in bundles; no muscular septa between proglottides. Nerve strands 


40» in diameter, dorsal to inner end of cirrus-sac. 12 chief ex- 


cretory vessels, 6 on each surface just within the transverse 
muscles, reduced to 6 or 8 anteriorly. 
Genital cloaca irregularly alternating, but unilateral for 


long stretches; from one-third to one-half way along the margin 
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of the proglottis. Vagina opens ahead of and slightly ventral to 
the cirrus; no distinct hermaphroditic duct. 

Testes within the nerve strands, pseudostratified, continuous 
from joint to joint; elongated dorsoventrally, 95-115 x 70-100,» ; 
40 to 150 in number. Vas deferens lateral, elongated, with few 
coils before cntering the cirrus-sac, 350-600 x 150-180 in dimen- 
Sions. Cirrus-sac ovoid with narrow end outward, 130-380 x 60-150. 
Cirrus proper an almost straight tube in outer half of sac. 

Ovary comparatively small, irregular or somewhat lobed, with 
thick isthmus, o.8mm. wide by 0.13 long. Oocapt 40» in diameter. 
Usually two ventral vitelline ducts unite to form a common duct 
which does not act as*reservoir. Vitelline follicles irregular in 
shape and size, among the longitudinal muscles or outside of them, 
discontinuous. Shell-gland small, compact,dorsal. Uterine duct 
with only a few coils near the median line. Uterus-sac transversel 
elliptical or quadrate and somewhat lobed, rounded laterally, fil- 
ling up almost the entire proglottis when gravid; opening in the 
median line opposite emarginations of segments. 

Eggs, 45-115 x 30-75p , Ovoid or ellipsodd in shape. 


Habitat: In the pyloric coeca and intestine of the host. 
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This species, originally given the specific name 
Taenia crassa by Bloch (1779 : 545), was on the one hand confused 
with A. rugosum and on the other given the new name Taenia probo- 
scis suilla by Goeze (1782 : 410-11, 417, resp.) according as it 
was found in Gadus or in Salmo salar, which confusion was evidently 
due to the fact that the latter followed Pallas (1781) in calling 
it T. tetraganoceps. In a footnote he considered, in fact, that 
T. tetragonoceps Pallas, Taenia crassa Blach and T. capite tynoato 
Bleach were all synonymous. But in spite of this he expressed 
doubt on the synonymy of the forms from the Gadidae and from the 
Salmonidae. As the above synonymy indicates the species was then 
known for a number of years under at least two names, Bothrioce- 
cephalus infundibuliformis and B. proboscides which were used by 
Rudolphi (1810 : 46, 39) for the two forms from freshwater and 


marine salmonids in general. It was not until 1884 that Zschokke 
é 


made a detailed comparison, -- it is true of external characters 
mostiy, -- of the two species from a number of different hosts, and 
showed that they must be considered only different forms of the 
same species. Later investigations into the anatomy by Matz (1892 
110), who, however, studied only the proboscideus form from Trutta 
trutta and Salmo salar, have been considered to have established 
this contention, altho Olsson (1893 : 17) still reported both of 
thé°older species with some doubt as to the use of the name B. in- 
fundibuliformis. Blanchard (1894 : 701), Ariola (1896 : 280) and 
Riggenbach (1896 : 223) evidently acceptedonly the latter specific 
name, while Luehe (1899 : 39) first used the combination Abothrium 


crassum (Bloch) which is now generally accepted. Ariola (1900 
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433), it might be mentioned finally, called the species (Bothrio- 


taenia proboscidea (Batsch), thus disregarding the fact that Batioh 
(1786 : 212) renamed Bloch's T. crassa. 

As regards the scolex, various forms of which are shown 
in the figures, the specimens from Lota maculosa, the common 
bing or Burbot, need special mention, since, as shown in Fig. 98, 
the terminal disc and anterior half of the organ is in many instanc- 
€s greatly swolien to form a sort of pseudoscolex which is perhaps 
well adapted to maintaining its position in the narrow pyloric 
caecum of the host. But this modification was found only in the 
older strobilas of the four lots examined. In the younger chains 
the scolex is as shown in Figs. 96 and 97 which are drawn to the 
game scale as that of Fig. 98. The largest with this first form 
of scolex was 22mm. in length by 1.5 in breadth while the shortest 
With the swollen end was 45 x 1.5mm., so that somewhere between 
the lengths of 20 and 45mm. the metamorplis takes place in all pro- 
bability. No distinct intermediate stages were seen altho the 
smaller scolices were varied in shape and degree of intactness. 
The latter might seem to point to the condition being due to me- 
chanical or physical means, but this is offset by the fact that 
the material was found to be in good histological condition when 
sectioned; hence the idea of a possible metamorphosis. Unfortu- 
nately the material did not permit of anything more to be said on 
this matter. 

In the anterior segments of considerably relaxed or espe- 
cially young strobilas something of the manner of segmentation can 


be seen. This was found to take place much as in the genus 
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Bothriocephalus, altho the writer was not able to distinguish the 
primary segments to his satisfaction. What was considered to be 
such is shown in Fig. 99, a stretch of segments beginning 27mm. 

from the anterior end of the strobila in question. The idea of 
dominence of the anterior portions over the posterior portions, 

as dealt with under B. scorpii, is here brought out very nicely. 

In the proboscideus type of strobila the same method of subdivision 
was followed in the anterior seoments, altho with greater difficul- 
ty on account of the fact that the segments are so closely crowded 
together longitudinally. Olsson (1867 : 53) noticed the subdivision 
of the segments producing an alternation of larger and smaller ones, 
but he considered it to be an articulatia spuria similar to that 
described by Wagener (1854 : 69) for Amphicotyle heteropleurum and 
by Krabbe (1865 : 37) for B. scorpii and other species. Later 
Olsson (1893 : 17) stated that transverse divisions occurred-in 
B._infundibuliformis as well as in B. proboscidens. 

The youngest lots of material, studied by the writer were 
two taken from Lota maculosa from Lake Ontario, off Port Credit, 
Ontario, and one from the intestine of a young Cristivomer 
namaycush from the same locality. The lot from the Lake Front 
contained all stages from that shown in Figs. 104 to the largest 


which by comparison with adult specimens from the same host were 


found to belong to this species. While no stages were found be- 


tween that shown in Fig. 104 and that in Fig. 102, -- altho two 
others were only slightly larger than the latter, -- it seems rea- 
sonable to consider the latter itself to belong to this series and 


to represent the earliest stage of the same. Figs. 105 and 106, 
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of two later stages, are given to show the manner of beginning of 
the segmentation and the early dropping off of two or more very 
immature segments from the posterior end. The first indications 
of this is probably represented in Fig. 104, altho the strobila in 
Pie. 105 does not show it. The relative ages, however, of these 
two is difficult to state définitely since the first one is more 
Contracted longitudinally than the other. On the other hand, two, 
antermediate in length between those shown in Figs. 105 and 106, 
were indented posteriorly, thus showing that some of the earliest 
Segments had already been lost. Thus we see that at a very early 
period in the development of the strobila of this species a few of 
the first formed segments are lost in much the same way as the 
bladder of the cysticerous of the taenioid cestodes is cast off in 
the final host. 

The material studied consisted of five lots from Salmo 
salar, eleven from Cristivomer namaycush, two from Colgconus clupei- 
formis, and two from Lota maculosa, all from the writers collec- 
tion; and, eight lots from ©. namaycush, and two from L. maculosa 


from the Collect; of the University of Illinois. 
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EXPLANATION OF PLATE I. 


Ligula intestinalis, scolex of larva. 


" % » anterior end of adult. 


. si , median portion of a transection 

thru the genital cloaca. 

Ligula intestinalis, union of vagina, oviduct and vitel- 
line duct. 

Ligula intestinalis, toto of larva from Micropterus dolo- 
mieu. 

Schistocephalus salidus, anterior end of larva. 

° " , median portion of transection 

thru the ovary. 


Schistocephalus solidus, median portion of transection 


thru the seminal vesicle and cirrus=sac. 
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EXPLANATION OF PLATE II. 


Fig. 5. Ligula intestinalis, larva from liver of Gasterosteus bi- 


spinosus. 


outline of smallest larva at 


primary strobila, toto. 


secondary scolex, surficial 


transection thru scolex. 
the ganglionic mass. 


transection thru proboscis 


Fig.10. Haplobothrium globuliforme, 
hand. 
Fig.l1. Haplobothrium globuliforme, scolex, toto. 
Fig.l. , : ; 
Pig.13. , " ; 
view. 
Fige14. Haplobothrium globuliforme, same, lateral view. 
Fig.15. 3 , : 
Fig.16. : . 3 
Fig.17. r ro ; 
bulb. 
Fig.18. Cyathocephalus americanus, scolex, toto. 
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EXPLANATION OF PLATE III. 

Fig. 19. Cyathocephalus americanus, transection thru ovarian is- 
thmus. 

Fig. 20. Cyathocephalus americanus, diagram of medial sagittal 
section. 

Fig. 21. Cyathocephalus americanus, frontal section of ripe pro- 
glottis. 

Fig. 22. Cyathocephalus americanus, oocapt containing an ovum. 

Fig. 23. Marsipometra hastata, scolex, surficial view. 


Fig. 24. : "  , same, lateral view. 

Fig. 25. bi " , transection thru ovarian isthmus. 
Fig. 26. 4 " , toto of ripe preglottis. 

Fig. 27. " " , genitel cloaca from frontal section 
Pig. 28. a "  , cirrus-sac from a transection. 

Figs 29. a Poovns larva’ 


Fig. 80. , " , older larva. 
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EXPLANATION OF PLATE IV. 


Fig. 31. Triaenophorus,larva, robustus type, surficial view. 


Fig. 82. . , same, lateral view. 

Fig. $3. nf » same, one of the tridents of hooks. 
Fig. 34. * 9 larva, nodulosus type, surficial view. 
Fig. 35. i , same lateral view. 

Fig. 36. : , same, a trident, end view. 

Pies. 37. . , same, surficial view. 


Fig. 38. Bothriocephalus scorpii, scolex,surficial view. 


Fig. 39. - " , same, lateral view. 

Fig. 40. . " , three anterior primary segments, 
| Fig. 41. . " , one farther back, also toto. 

Fig. 42. Mg ", another showing reproductive 


rudiments, toto. 


Big. 44. . " , portion of strobile showing ex- 


, Fig. 48. Bothriocephalus scorpii, transection thru ovary. 
) 
| cretory vessels. 


Fig. 45. Bothriocephalus scorpii, outline of mature seBmants. 
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Fig. 46. 
Fig. re 


Fig. 48. 
Fig. 49. 


Fig 50. 


Fig. 51. 
Fig. 52, 


Fig. 53. 
Fig. 54. 
Fig. 55. 


EXPLANATION OF PLATE V. 


Bothriocephalus scorpii, toto of mature proglottides. 


tt 


site. 


" , median sagittal section compo- 


Bothriocephalus scorpii, toto of two segments. 


f? 


" , portion of section showing un- 


ion of vagina with oviducf. 


B. claviceps, 


view. 
B. claviceps, 
tt ? 
? 
view. 


B. claviceps, 


LL ” 
3 


n " 
3 


from Eupomotis gibbosus, scolex, surficial 


same, lateral view. 


from Anguilla rostrata, scolex, surficial 


from Eup. gibbosus, transection thru ovary. 
same, toto of mature proglottides. 


same, median sagittal section. 
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EXPLANATION OF PLATE VI. 


B. cuspidatus, scolex, surficial view. 


. ' , same, lateral view. 


. : , transection thru an anterior segment. 


" : , transection thru ovary of mature proglottis 


. a , toto of ripe proglottides, posterior in 
deeper optical section. 
61. B.- cuspidatus, median sagittal section , composite. 


Gas * i » young egg, showing an early stage in de- 


velopment. 


63, B. cuspidatus, olgder egg, many celled stage. 
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EXPLANATION OF PLATE VII. 


Fig. 64. B. manubriformis, scolex, surficial view. 


Fig. 65. " : , same, lateral view. 

Fig. 66. " : , anterior primary segment. 

Pig. 67. " ¥ , transection thru anterior region. 

Rig: 68. " : , toto of mature proglottides. 

fie. 69. * , cirrus-sac and vaginal bulb ih tran- 
section. 


Fig. 70. 8B. manubriformis, transection thru uterus opening. 
Fige 71. B. occidentalis, scolex, aféér Linton. 

Pies 7a. " , cirrus-sac in @ transection. 

Fig. 73. Clestobothrium crassiceps, scolex, surficial view. 
Fig. 74. . p , same,lateral view. 

Fig. 75. “ e , same, terminal view. 


Pig. 76. J c , toto of scolex and anterior end 
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EXPLANATION OF PLATE VIII. 


77. (C. crassiceps, toto of young strobila. 


ve. " x » primary segment with reproductive rudi- 
ments, toto. 
79. C. crassiceps, segments showing spurious articulations. 


eo. " : , transection thru ovary. 

a. ||” ' , toto of mature proglottis. 

se. ” e » median sagittal section, composite. 

os." : , four consecutive sections thru union of 
vagina and oviduct, showing the receptaculum seminis. 

84. Abothrium rugosum, scolex of young strobila. 


85. e "  , later stage in degeneration of same. 


86. 4 ey still later-stage. 


ow _ 


| T 425 qi 
Hledonts sgnhy" Z 
; ={iut @eviio : ie dmomy a 
Obek: & 
diol bes ii9s Gono 2 gvmyee 12900. NSE ee 
.teve ud adel sombent bie 7 
| * ai on neti) att. “ho adios : 


oh oo gtittoas Leliigog gekran . 


viijvosanod wot , —: 


o Si LPS pas Tse asqavet cus ydiwode , Out rv bas iia 
-olfdoiss gopoy lo gelgoa ,cveogus aubadd od abl 
. eae 


* - 2 " 


EXPLANATION OF PLATE IX. 
87. Abothrium rugosum, pseudoscolex from lumen of pyloric 
coecum of host. 
88. Abothrium rugosum, pseudoscolex imbedded in wall of coe-= 
cum. 
89. Abothrium rugosum, transection thru ovary. 


m " , terminal excretory vesicle. 


91. * , frontal section of mature proglottis. 


a2. " , union of vagina and common vitelline 
duct with oviduct. 

93. Abothrium crassum, scolex of specimen from Salmo salar, 
surficial view. 


94. Abothrium crassum, same,lateral view. 


"  , scolex from Cristivomer namaycush. 


" , scolex from Lota maculosa. 


"9 same, lateral view. 
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EXPLANATION OF PLATE X. 

Fig. 98. Abothrium crassum, enlarged scolex from Lota maculosa. 

Fig. 99. 6 ", anterior segments of strobila from 
Coregonus clupeiformis, toto. 

Fig. 100. Abothrium crassum, transection thru ovary of specimen 
from Salmo salar. 

Fig. 101. Abothrium trassum, toto of ripe proglottis of chain 
from C. clupeiformis. 

Fig. 102. Abothrium crassum, plerocercoid from C. namaycush, sur- 
ficial view. 


Fig. 103. Abothrium crassum, same lateral view. 


Fig. 104. is ", young strobila from same host. 
Fig. 108. ‘ ", older strobila from same host. 
Fig. 106. 7 ", still older strobila, showing drop- 


ping off of segments posteriorly. 
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Arthur Reuben Cooper. 


1888...-.-+. Born at Brinston, Ontario, Canada, October 30. 

1896-1901... Attended the local public school. 

1901-1906... Attended Iroquois High School, Iroquois, Ontario. 

1906..-eeee56 Entered the University of Toronto with the Seventh 
Edward Blake Scholarship in General Proficiency at 
the Honor Matriculation Examinations. 

1906-1910... Pursued the honor course in Biology in Victoria Coll- 
ege, obtaining the Gold Medal in "The Science of Bio- 
logy". | 

1910........ Obtained the degree of Bachelor of Arts from Victoria 
College, University of Toronto. 

1909-1911... Class assistant in general Biology. 

1911........ Obtained the degree of Master of Arts with "Honors" 
from University College, University of Toronto. 

1911-1912... Demonstrator in zoology, University College. 

1909-1912... Four summers at the Lake Biological Station on Bade 

| gian Bay, Go-Home Bay, Ontario. 

1912-1914... Fellow in Zoologyy University of Toronto. 

1913-1914... Two summers at the Marine Biological Station at Saint 
Andrews, New Brunswick. 

1914-1915... Demonstrator in Zoology; University of Toronto. 

1915-1916... Fellow in Zoology in the University of Illinois. 
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1916.....+.. Summer at Marine Biological Laboratory at Woods Hole, 
Mass. and Harpswell Laboratory, South Harpswell, Me. 

1916........ Elected to the Illinois Chapter of the Society of Sige 
ma Xi and to the American Microscopical Society. 


1916-1917... Honorary Fellow in Zoology, University of Illinois. 


Publications: 

(1) On the Systematic Position of Haplobothrium globuliforme 
Cooper. Trans. Roy. Soc. Can., Series III, VIII, Sect.1: 
1-5. 1914. 

(2) A New Cestode from Amia calva L. Trans. Roy. Can. Inst 
10(2) :81-119. 3 pls. 1914. 

(3) Contributions to the Life-History of Proteocephalus 
ambloplitis. A Parasite of the Black Bass. Contrb. to 
Can. Biol., 47th Rep. Dept. Fisheries, Ottawa, Canada, 
Fasc. II :177-194. 3 pls. 1915. 

(4)  Trematodes from Marine and Fresh-Water Fishes, includ- 
ing one Species of Ectoparasitic Turbellarian. Trans. 
Roy- Soé- Can., Series III, IX :181-205, 3 pls. 1915. 

(5) Notes on Porocephalus globicephalus. In conjunction 
with Thesle T. Job. Journ. Parasitology, 3(3) :138. 
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